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LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological Survey, 
WdshingUm^ D. C'., Septemhtr 13^ 1901^. 
Sir: I transmit herewith a report on the ''Copper deposits of the Clifton- 
Morenci district, Arizona/' by Waldemar Lindgren, and recommend its publica- 
tion as a professional paper. This report contains much interesting and valuable 
information concerning one of the largest copper districts of the United States, 
and is a most important contribution to economic geology. 

Very respectfully, 

C. W. Hayes, 

Geologint in Charge of Geol-ogy. 
Hon. Charles D. Walcott, 

Director United States Geological Survey. 
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OUTLINE OF PlIINCIPAL RESULTS. 



GENERAL GEOLOGY. 

The oldest rocks of the Clifton quadmngle are pre-Cambrian granite and 
<liiartzitic schists, separated by an important unconformit}' from the covering 
Paleozoic strata. The latter comprise a total thickness of 1,500 feet. At the 
base lie 200 feet of probably Cambrian quartzitic sandstone, succeeded by 200 
to 400 feet of Ordovician limestones. About 100 feet of Devonian ( ?) shale and 
argillaceous limestones cover the Ordovician beds, while the uppermost part of 
the Paleozoic sediments consists of heavy-bedded pure limestones of lower Car- 
boniferous (Mississippian) age with a thickness of 180 feet. 

The Paleozoic sti-ata, over limited areas, are overlain by Cretaceous shales 
and sandstones which have a thickness of several hundred feet and which are, at 
least in part, equivalent to the Benton formation. A second unconformity, less 
pronounced than the tirst, exists between the Paleozoic and the Cretaceous. 

MaaooGyy f granitic and dioritic porphyries were intruded in the older rocks 
after the deposition of the Cretaceous series, and form stocks, dikes, laccoliths, 
and sheets. 

All of the above-mentioned rocks have participated in an uplift and a warping 
or doming succeeded b}' faulting. The eflfects of vigorous faulting are especialh^ 
striking. These movements took place during latest Cretaceous or earliest Tertiary 
time. 

F^normous masses of lavas — basalt and rhvolite, with some andesite — covered 
all the above-described rocks during the Tertiary age, and now form a broad 
frame inclosing the comparatively little exposed older rocks in the center. Tertiary 
sediments are not known in this i|uadrangle. 

Erosion has sculptured the rock masses of the quadrangle since earh' Tertiary 
time, and at many places has laid bare the older rocks by removal of the covering 
lavas. A part of the removed detritus — that carried awa}' by the streams during 
Quaternary time — still lies spread out at the foot of the mountains as coarse and 
roughly bedded deposits — the Gila conglomerate. A change of level during later 

16859— No. 43—05 2 17 



18 OUTLINE OF PRINCIPAL RESULTS. 

Quaternary time increased the erosive power of the streams and forced them to cut 
through the Gila conglomerate in box-like canyons a few hundred feet in depth, 
in which the waters now flow over sandy beds along well-graded river courses. 

THE COPPER DEPOSITS. 

The^^Jtiffon (itiad4!angle contains many cormef-depasits. Copper is i» ftirt the 
onl}^ metal produced in large amounts^ and the deposits of copper ores at Moreiici 
and Metcalf are among the most important in Arizona. 

Production and developvtent, — The ore deposits were discovered in 1872, })ut 
for many years their .development was slow because onh' rich ores could be 
utilized, the district being far distant from established lines of communication. 
Since 1890, however, the progress has been rapid. At the present time, large 
bodies of low-grade ore being utilized, the production has reached high figures. 
Two strong companies, the Detroit Copper Company and the Arizona Copper 
Company, have contributed by far the greatest part of the production since 1882. 
Since 1902 a third, the Shannon Copper Company, has been added. The mines 
of the Detroit company are located at Morenci, those of the Arizona company 
at Morenci and Metcalf, and those of the Shannon company- at Metcalf. 

In 1902 the total production rose to 49,500,000 pounds of copper; in 1903 it had 
attained 53,400,000 pounds, with a value of about $7,400,000. Of the production 
in 1903 the Arizona company contributed 30,228,000 pounds, the Detroit company 
16,558,232 pounds, and the Shannon company 6,600,000 pounds. The ores mined 
average 3 or 4 per cent of copper. The monthly output of ore in 1902 was about 
60,000 short tons. Of this, 47,000 tons were classed as concentrating ore and 
12,000 tons as higher grade smelting ore, with 6 to 10 per cent copper. The Arizona 
company smelted the lowest grade of ore, while the Detroit company averaged some- 
what higher. The ores of the Shannon company were in 1902 exclusively oxidized 
ores, containing about 8 per cent copper. Since then this company has also begun 
the mining of concentrating ore. By far the larger percentage of ore consisted of 
sulphide ore, containing pyrite and chalcocite. Of oxidized ores about 13,000 tons 
per month were mined at Metcalf, and a steadily diminishing amount from 1,500 tons 
per month at Morenci, making a total of 14,500 tons, or about one-fourth the total 
production. The output of oxidized ore at Metcalf will continue for a number of 
years and possibly increase. The oxidized ore mined by the Arizona Copper 
Company at Metcalf is the lowest grade utilized in the district, and probably 
contains on an average less than 3 per cent. 

The total output of the district to the end of 1903 is estimated to be about 201,600 
short tons of copper, having a value of approximately $60,500,000. 

Clifton is second in importance in Arizona as a copper- producing camp. 
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CONTACT-MET AMORPHIC DEP08IT8. 19 

In 1903 Bisbee produced 62,500,000, Clifton 53,400,000, and United Verde district 
28,600. pounds of copper. The production of Arizona is at present a little more 
than one-fifth of the total production of the United States. 

The Morenci and Metcalf districts are not distinguished by the great depth 
attained in mining. At Metcalf all of the deposits are worked b}' open cuts or 
tunnels, as- they occur near the surface of Shannon Mountain. At Morenci, 
where the more important deposits underlie Copper Mountain, two of the largest 
mines, the Copper Mountain and the Humboldt, are still worked by tunnels, 
though the latter has a shaft also; others, like the Arizona Central and the Ryer- 
son, are opened b}^ shafts less than 400 feet in depth. The celebrated Longfellow 
deposit was mined from four tunnel levels, the Manganese Blue by a shaft 400 
feet deep, and the Detroit by a shaft about 300 feet deep. 

Omtact'iiietamorphic deponiU, — There is no evidence of ore deposits having 
been formed in this region before the intrusion of porphyry. This event appears 
to be in most intimate connection with the origin of all the copper deposits in 
the region. Wherever the porphyry came into contact with the granite or the 
quartzite, little alteration is observed; but wherever we find the porphyr}^ adjoining 
the limestones or the shales of the Paleozoic series verv extensive contact meta- 
morphism is noted, resulting in the formation of large masses of garnet and 
epidote. This alteration is particularly observable at Morenci. The whole Paleo- 
zoic series is affected, but more particularly the pure limestone of the lower 
Carboniferous, which, for a distance of several hundred feet from the contact, 
has been converted into an almost solid mass of garnet. The shales have suffered 
less from this metamorphism, but near the porphyry are apt to contain epidote 
and other minerals. This metamorphism appears not only at the contact of the 
main mass of porph\"ry forming the southern slope of Copper Mountain, but also 
in the hills between Morenci and the Longfellow mine, in which dikes have 
produced contact-metamorphic minerals along their sides. Wherever alteration 
has not masked the phenomena, magnetite, pyrite, chalcopyrite, and zinc blende 
accompany in various proportions the contact-metamorphic niinerals, and are 
intergrown with them in such a way that the contact-metamorphic origin of 
these ores appears beyond doubt. In many places the ores have accumulated along 
certain horizons in the sedimentary series, evidently more suitable than others to 
the processes of alteration which produced the deposits. The origin of these 
contact-metamorphic deposits is conceived to be in the water and metallic sub- 
stances which were originally contained in the magma of the porphyry, and which 
were released by decreasing pressure at the time of the intrusion of the rock 
into higher levels of the earth's crust. We may thus speak of these deposits as 
contemporaneous with the cooling and solidification of the porphyry. 
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OUTLINE OF PRINCIPAL RESULTS. 



GENERAL GEOLOGY. 

The oldeint rocks of the Clifton quadningle are pre-Cambrian granite and 
(piartzitic schists, separated by an important unconformity from the covering 
Paleozoic strata. The latter comprise a total thickness of 1,500 feet. At the 
base lie 200 feet of probabl}^ Cambrian quartzitic sandstone, succeeded by 200 
to 400 feet of Ordovician limestones. About 100 feet of Devonian (?) shale and 
argillaceous limestones cover the Ordovician beds, while the uppermost part of 
the Paleozoic sediments consists of heavy-bedded pure limestones of lower Car- 
boniferous (Mississippian) age with a thickness of 180 feet. 

The Paleozoic strata, over limited areas, are overlain by Cretaceous shales 
and sandstones which have a thickness of several hundred feet and which are, at 
least in part, equivalent to the Benton formation. A second unconformity, less 
pronounced than the first, exists between the Paleozoic and the Cretaceous. 

jVlttOooo >» <rf granitic and dioritic porphyries were intruded in the older rocks 
after the deposition of the Cretaceous series, and form stocks, dikes, laccoliths, 
and sheets. 

All of the above-mentioned rocks have participated in an uplift and a warping 
or doming succeeded by faulting. The effects of vigorous faulting are especially 
striking. These movements took place during latest Cretaceous or earliest Tertiary 
time. 

Enormous masses of lavas — basalt and rhyolite, w4th some andesite — covered 
all the above-described rocks during the Tertiarv age, and now form a broad 
frame inclosing the comparatively little exposed older rocks in the center. Tertiary 
sediments are not known in this quadrangle. 

F]rosion has sculptured the rock masses of the quadrangle since early Tertiary 
time, and at many places has laid bare the older rocks by removal of the covering 
lavas. A part of the removed detritus — that carried away by the streams during 
Quaternary time — still lies spread out at the foot of the mountains as coarse and 
roughly bedded deposits — the Gila conglomerate. A change of level during later 
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Quateiiiary time increased the erosive power of the streams and forced them to cut 
through the Gila conglomerate in box-like canyons a few hundred feet in depth, 
in which the waters now flow over sandy beds along well-graded river coui'ses. 

THE COPPER DEPOSITS. 

Tbe^JHffoiT (j[t»di:angle contains mjny coppef-depasits. Copper is 4#i- fact the 
only metal produced in large amounfs^and the deposits of copper ores at Morenci 
and Metcalf are among the most important in Arizona. 

Production and dtveJitpment, — The ore deposits were discovered in 1872, but 
for many years their .development was slow l>ecause only rich ores could be 
utilized, the district being far distant from established lines of communication. 
Since 1890, however, the progress has been rapid. At the present time, large 
bodies of low-grade ore being utilized, the production has reached high figures. 
Two strong companies, the Detroit Copper Company and the Arizona Copper 
Company, have contributed by far the greatest part of the production since 1882. 
Since 1902 a third, the Shannon Copper Company, has been added. The mines 
of the Detroit company are located at Morenci, those of the Arizona company 
at Morenci and Metcalf, and those of the Shannon compan\' at Metcalf. 

In 1902 the total production rose to 49,500,000 pounds of copper; in 1903 it had 
attained 53,400,000 pounds, with a value of about $7,400,000. Of the production 
in 1903 the Arizona company contributed 30,228,000 pounds, the Detroit company 
16,558,232 pounds, and the Shannon company 6,000,000 pounds. The ores mined 
average 3 or 4 per cent of copper. The monthly output of ore in 1902 was about 
60,000 short tons. Of this, 47,000 tons were classed as concentrating ore and 
12,000 tons as higher grade smelting ore, with 6 to 10 per cent copper. The Arizona 
company smelted the lowest grade of ore, while the Detroit company averaged some- 
what higher. The ores of the Shannon company were in 1902 exclusively oxidized 
ores, containing about 8 per cent copper. Since then this company has also begun 
the mining of concentrating ore. By far the larger percentage of ore consisted of 
sulphide ore, containing pyrite and chalcocite. Of oxidized ores about 13,000 tons 
per month were mined at Metcalf, and a steadily diminishing amount from 1,500 tons 
per month at Morenci, making a total of 14,500 tons, or about one-fourth the total 
production. The output of oxidized ore at Metcalf will continue for a number of 
years and possibly increase. The oxidized ore mined by the Arizona Copper 
Company at Metcalf is the lowest grade utilized in the district, and probably 
contains on an average less than 3 per cent. 

The total output of the district to the end of 1903 is estimated to be about 201,600 
short tons of copper, having a value of approximately $60,500,000. 

Clifton is second in importance in Arizona as a copper-producing camp. 
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In 1903 Bisbee produced 62,500,000, Clifton 53,400,000, and United Verde district 
28,000. pounds of copper. The production of Arizona is at present a little more 
than one-fifth of the total production of the United States. 

The Morenci and Metcalf districts are not distinguished by the great depth 
attained in mining. At Metcalf all of the deposits are worked by open cuts or 
tunnels, as- they occur near the surface of Shannon Mountain. At Morenci, 
where the more important deposits underlie Copper Mountain, two of the largest 
mines, the Copper Mountjiin and the Humboldt, are still worked by tunnels, 
though the latter has a shaft also; others, like the Arizona Central and the Ryer- 
son, are opened by shafts less than 400 feet in depth. The celebrated Longfellow 
deposit was mined from four tunnel levels, the Manganese Blue by a shaft 400 
feet deep, and the Detroit by a shaft about 300 feet deep. 

Contact-meta)iiorphic deposits. — There is no evidence of ore deposits having 
been formed in this region before the intrusion of porphyry. This event appears 
to be in most intimate connection with the origin of all the copper deposits in 
the region. Wherever the porphyry came into contact with the granite or the 
quartzite, little alteration is observed; but wherever we find the porphyry adjoining 
the limestones or the shales of the Paleozoic series verv extensive contact meta- 
morphism is noted, resulting in the formation of large masses of garnet and 
epidote. This alteration is particularly observable at Morenci. The whole Paleo- 
zoic series is affected, but more particularly the pure limestone of the lower 
Carboniferous, which, for a distance of several hundred feet from the contact, 
has been converted into an almost solid mass of garnet. The shales have suffered 
less from this metamorphism, but near the porphyry are apt to contain epidote 
and other minerals. This metamorphism appears not only at the contact of the 
main mass of porphj^ry forming the southern slope of Copper Mountain, but also 
in the hills between Morenci and the Longfellow mine, in which dikes have 
produced contact-metamorphic minerals along their sides. Whei*ever alteration 
has not masked the phenomena, magnetite, pyrite, chalcopyrite, and zinc blende 
accompany in various proportions the contact-metamorphic minerals, and are 
intergrown with them in such a way that the contact-metamorphic origin of 
these ores appears beyond doubt. In many places the ores have accumulated along 
certain horizons in the sedimentary series, evidently more suitable than others to 
the processes of alteration which produced the deposits. The origin of these 
contact-metamorphic deposits is conceived to be in the water and metallic sub- 
stances which were originally contained in the magma of the porphyry, and which 
were released by decreasing pressure at the time of the intrusion of the rock 
into higher levels of the earth's crust. We may thus speak of these deposits as 
contemporaneous with the cooling and solidification of the porphyry. 
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As to form, the ore deposits in liuiestone are often in-e^ular, hut more 
frequently, perhaps, assume a tabular shape, due to the accumulation of the min- 
erals along certain planes of stmtitication or along the walls of dikes. 

Oxidizing waters have very greatly altered the deposits in limestone. The 
sulphides have lieen converted into carbonates, and malachite and azurite are the 
most common ores. Cuprite also occurs extensively, and seems to form by pref- 
erence in the shale forming part of the Devonian system. C^halcocite and other 
sulphides are almost entirely absent. The zinc blende has l>een carried away as 
sulphate of zinc, which is frequently found in efflorescence on the walls of the 
tunnels. The magnetite and the garnet which originally formed a part of these 
deposits have also undergone decomjx)sition, the resulting minerals being silica 
and limonite. 

The celebrated Longfellow mine is worked on one of these deposits occurring 
as, roughly speaking, a funnel-shaped mass in the Ordovician limestone, between 
two large porphyry dikes. Farther west, along the main porphyry contact, the 
Montezuma is encountered, and farther on the Detroit and the Manganese Blue 
mines. Both of the latter mines were worked on several tabular ore bodies, three or 
more in number, occurring in horizons varying from Silurian to the lowor Carbonif- 
eroas. All of these deposits ai*e now largely exhausted. The}' contained a large 
quantitv of verv rich carbonate and oxide ore. The extent of these ore lK)dies was. 
however, much smaller than the large masses of chalcocite ore which now form 
the main support of the camp. 

At Metcalf the Shannon mine contains seveml ore Ixxlies of similar origin. 
A fragment of the Paleozoic series outcrops on Shannon Mountain, and is cut by 
an extensive system of porphyry dikes, which in the lower part of the mountain 
join the main part of a large intrusive body of porphyry. In several horizons 
the limestones are greatly altered, the tinal product generally l)eing copper car- 
bonates and limonite, with some quartz. In some places the ore l)odies are less 
affected b}^ oxidation, and their original character of garnet, epidote, magnetite, 
and sulphides may be plainly seen. 

Oxidation b}^ surface waters, as at the Shannon mine, also diffused much copper 
as chalcocite in some of the porphyry dikes, and the de|X)sit in the Metcalf mine, 
on a lower spur of the same hill, consists chietiy of a lx>dy of extremely decom- 
posed porphyry containing chalcocite and carbonates. Very probably this copper 
has migrated intf^ the decomposing porphyry from bodies of contact-metamorphic 
rock at higher elevation, parts of which are probably now ero<led. 

Fimnre vehhs. — At many places in the district the copper deposits consist 
of fissure veins, cutting alike porphyry, granite, and sedimentiiry rocks. From 
the available evidence it would seem that these veins had been formed a short 
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time after the consolidation of porphyr}'. In lower levels the veins consist of 
pyrite, chalcopyrite, and zinc blende —magnetite being conspicuously absent. At 
the surface many of the veins have been completely leached, and now show 
nothing but limonite and silicified porphyry. This rule is, however, not a general 
one, as, especially in porphyry, oxidized ores are sometimes found in the out- 
crops of the deposits. Between the leached croppings and the deep ores of 
pyrite and chalcopyrite is a more or less extensive zone of chalcocite or copper 
glance, deposited by secondary processes on the pyrite. 

The most important vein system is that which, under the general name of 
the Humboldt vein, extends from northeast to southwest through Copper Moun- 
tain at Morenci. The outcrops of this vein are practically barren, but at the 
depth of about 200 feet the deposit becomes productive and contains? chalcocite, 
associated with pyrite. There are usually one or more central seams of massive 
chalcocite, some of which are fairly persistent. These seams are ordinarily 
adjoined by decomposed porphyry, now chiefly consisting of sericite and quartz, 
together with pyrite and chalcocite. These extensive impregnations of the coun- 
try rock are rarely contin<^d by distinct walls, but gradually fade into the sur- 
rounding porphyry. That these deposits are genetically connected with fissure 
veins, however, can not be doubted. In lower levels the ore is apt to change 
to pyrite and chalcopyrite. Both the Arizona Copper Company and the Detroit 
Copper Company are now working the low-grade bodies of chalcocite ore accom- 
panying the veins. The reserves thus far opened assure a high production for 
manv vears to come. 

Parallel veins, somewhat narrower, but similar in character, are those opened 
by the Arizona Central mine, also at Morenci. These veins are partly in porphyry, 
partly in contact-metamorphosed limestone. While malachite and azurite some- 
times occur, they are by no means as prominent as in the limestone deposits, and 
frequently the leached surface zone is immediately adjoined by the chalcocite ore. 

The Coronado mine represents a different type of deposits. It is formed on 
a fault fissure between granite and quartzite, indicating a throw of at least 1,000 
feet. The fissure is followed in places by a diabase dike, showing some eflfect of 
crushing and movement on the vein. The croppings contain copper carbonates 
and silicate, but these minerals change at slight depth to chalcocite, and still 
farther down it is believed that the ore bodies consist chiefly of pyrite and 
chalcopyrite. 

Somewhat different again are the fissure v^eins on Markeen and Copper King 
mountains. The gmnite of this complex of hills is cut })y a great number of por- 
phyry dikes which generally have a northeasterly direction. Along many of these 
dikes movement and Assuring has taken place, and varying amounts of copper 
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ores have been encountered. The veins contain comparatively little gangue, the 
copper minerals being chiefly distributed through the altered porphyry or through 
the granite adjoining the dike. At the surface a small amount of carbonates maj' 
be found, but they change at slight depth, sometimes onh' a few feet from the 
surface, into an ore composed of chalcocite and pyrite, which still farther down 
appear to change into pyrite and chalcopyrite. The most prominent deposit on 
this S3'stem of veins is the Copper King mine, which is situated onh^ a few 
hundred feet below the summit of the mountain of the same name. 

The main mass of porphyry between Morenci and Metoalf shows evidence of 
very strong mineralization throughout. A great number of fissure veins have 
been encountered in it, although most of them are neither persistent nor strong. 
Close to the surface the ores are apt to spread through a considerable mass of 
rock, and in some cases important bodies of chalcocite, due to secondary' depo- 
sition on pyrite from solutions containing copper, have resulted. The granite 
adjoining this porphyr}' is sometimes also thoroughly altered and impregnated 
with pyrite and chalcopyrite. This may be seen in the narrow canyons of Chase 
Creek for a mile above Longfellow incline. While a number of more or less 
well-defined veins have been opened here, the results have not been encouraging. 

Several smaller deposits of oxidized copper ores are found near Garfield Gulch 
and along Placer Creek. 

Conditions of ground water. — Permanent water has not thus far been encoun- 
tered in any of the mines in the whole district with which this report deals. 
Morenci is situated on the hills from 800 to 1,500 feet above the principal streams. 
Chase Creek and Eagle Creek, and the deepest workings in no place reach farther 
than 600 feet below the surface. The mines at Metcalf are situated on Shannon 
Mountain, from 500 to 1,200 feet above Chase Creek, and here, too, the workings 
are dry, except in one place, where a winze struck some standing water. The 
few shafts and prospects sunk in the bottom of Chase Creek are the only places 
containing permanent water. 

The present stand of the water level, except along the creeks, is practically 
unknown. It probably rises as a slightly curved surface from the creek levels 
in toward the high hills. The total amount of water stored below this water 
level is probably small. 

Depth of oxidized zone. — The presence of products of direct or indirect oxida- ^ 
fion shows the depth to which the oxidizing waters or the sulphate solutions have 
penetrated; but this depth diflfers considerably in the porphyry and in the meta- 
morphosed limestones. In that part of Copper Mountain which has been explored, 
the average depth below the surface of the lower limit of the chalcocite zone 
is from 400 to 600 feet. To this depth from the surface the sulphate solutions 
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descended, and along important fissures they may have gone somewhat farther. 
The solutions not only followed fissures, but penetrated the porous, sericitized 
porphyry with considerable ease. On the other hand, the altered limestones and 
shales are very compact, nonporous, and impervious. Where circulation was 
facilitated by fissures, the rocks may be partly oxidized to a depth of 400 feet, 
but this is generally a maximum. There is no well-defined plane expressing the 
depth of oxidation. J On the contmry, oxidation proceeds capriciously, entirely 
fresh sulphides J>^g frequently found very close to the surface. 

Swnmdry of ore genesis. — It has been shown that the intrusions of stocks 
y'^ and dikes of granite-porphyry and quartz-monzonite-porphyr3% which took place 
A<\1''^ in late Cretaceous or early Tertiarv time, produced an important contact meta- 
I I morphism in shales and limestones of Paleozoic age which happened to adjoin 

them. This metamorphism resulted in metasomatic development of garnet, 
epidote, diopside, and other silicates, accompanied by pyrite, magnetite, chalco- 
pyrite, and zinc blende. The sulphides are not later introductions, but contem- 
poraneous with the other contact minemls. 

The contact zone has received very substantial additions of oxides of iron, 
silica, sulphur, copper, and zinc;, enough to form good-sized deposits of pure mag- 
netite and low-grade deposits of chalcopyrite and zinc blende, all of which are 
entii-ely unknown in the sedimentary series away from the porphyry. 

In view of the evidence, it appears impossible that circulating atmospheric 
waters have effected these changes. The occurrences of metamorphosed rocks are 
manifold and found under many varying conditions; there is only one common 
factor, and that is the presence of the porphyry. It is shown that the poi'phyry 
magma contained much water which held in solution various salts; among these 
were salts of some of the heavy metals. Sodic chloride and ferric oxide probably 
predominated. It is believed that the magma contained all of the substances men- 
tioned above, and that large quantities of this gaseous solution (for the critical 
tempei'ature must have been exceeded) dissolved in the magma were suddenly 
released by diminution of pressure as the magma reached higher levels and forced 
through the adjoining sedimentary beds, the purest and coarsely granular lime- 
stones suffering the most far-reaching alteration and receiving the greatest addi- 
tions of substance. It is thus held that a direct transfer of material from cooling 
magma to adjacent sediments took place. The formation of garnet indicates large 
gains of ferric oxide and silica. 

It is shown that fissures and extensive shattering developed both in porphyry 
and altered sediments after the congealing of the magma, and that these fissures 
and seams were cemented bv quartz, pyrite, chalcopyrite, and zinc blende, forming 
normal veins of the type of replacement veins. The amount of copper contiiined 
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in these is usually very small. The bulk of the veins consists of pyrite. Two 
classes of veins nia}' be distinguished. The usual type is pmctically always con- 
nected with granite-porphyr}^ or quartz-monzonite-porph3'ry recurring in this 
rock or along dikes of the same. The smaller division consists of those connected 
in their occurrence with diabase dikes. The genesis of the former type will 
first be disi'ussed. 

As far as the metallic minerals are concerned there is a striking similarity 
between the veins connected with porphyry and the contact-metamorphic deposits. 
A relationship is also clearly seen in the remarkable action of the vein solutions 
on the adjoining wall rock wherever this is limestone — tremolite and diopside 
being formed in it by replacement. On the whole, iron and silica are the main 
substances added during contact metamorphism as well as during the vein 
formation. ' 

A study of the fluid inclusions in the vein quartz indicates that the veins 
were formed by aqueous solutions and that these solutions were at a high tem- 
perature, for the}' contained various salt^, in part those of heavy metals, espe- 
ciall}' iron, which have separated during the cooling of the crystallized quartz. 
This entirely eliminates the possibility of deposition by cold surface waters, and 
points to two or three eventualities: Deposition (1) by atmospheric waters heated 
by contact with the cooling porphyry, or (2) b}' ascending magmatic waters, or 
(3) by a mixture of both. In any case the metals nmst be derived from the 
porphyry or from deep-seated sources below the porphyry, for the presence of 
porphyry is the only common factor in all occurrences. It seems reasonabh^ 
certain that parts of the mineral solutions were directly derived from and 
formed part of the porphyry magma, and probably they were entirely derived 
from this source. It seems likely that the Assuring which took place after the 
cooling opened vent« of escape for magmatic waters under heavy pressure at 
lower levels, and that they ascended in these fissures, depositing the heav^^ 
metals and the silica and acquiring at the same time carbon dioxide from the 
sediments which they traversed. 

It remained for the surface waters, as erosion gradually exix)sed the deposits, 
to alter and enrich them in manifold forms. 

Some of the deposits, especially the fissure veins, were laid bare by erosion 
and attacked by surface waters at an early date, probably })efore the principal 
faulting movement, and certainly before the eruption of the Tertiary basalts and 
rhyolites. Oxidation has thus acted on them for a very long period. 

The irregular and tabular deposits in limestone and shale have obtained their 
present form, partly by direct oxidation and partly by the influence of sulphate 
solutions derived from the disseminated chalcopyrite due to contact nu^tamorphism; 
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a great enrichment has taken place, due to decrease of volume and addition of 
copper from the circulating sulphate solutions. Some of the oxidized deposits in 
shale, however, may be wholly due to the precipitating j)ower exerted by the 
^N^aolin in the shale on these sulphate solutions. 

In the veins the history is more complicated. It has been shown that oxida- 
tion dates back to Tertiary time, and that the water level then was considerably 
higher than it is at the present time. By action of descending sulphate solutions 
on pyrite, cbalcocite was deposited very extensively, and very likely the great 
vertical extent of the chalcocite zone, ordinarily from 200 to 500 feet, is due to 
slow and gradual changes in the water level. Disintegration and erosion removed 
the iron cap (the product of direct oxidation of the primary vein) and began to 
oxidize the exposed chalcocite zone. In practically all of the veins the surface 
zone of poor ore is due to the direct oxidation of chalcocite. The solutions from 
this part descend and add richness to the upper part of the remaining chalcocite 
zone. But at the present low stand of the water level and the exceedingly dry 
(•limate the lower limit of the chalcocite zone is probably almost stationary. 



THE COPPER DEPOSITS OF THE CLIFTON-MORENCI DISTRICT, 

ARIZONA. 



By Waldemar Lindoren. 



CHAPTER I. 

INTRODUCTION. 

FIEIiD WORK. 

The three most important copper districts of Arizona are located near Bisbee, 
Jerome, and Clifton, respectively. 

Jerome is situated almost in the center of the Territory, near the head of 
Verde River. Bisbee and Clifton are both in the southeastern part of the Terri- 
tory, the former near the Mexic*an boundary' line at the southern end of the Mule 
Pass Mountains, while Clifton lies 120 miles farther north, near the New Mexican 
line on San Francisco River and not far from Gila River. At Bisbee the Copper 
Queen mine is the chief producer; at Jerome, the United Verde; in the Clifton 
district there are several important mines, located at Morenci and at Metcalf. 

In 1898 Mr. S. F. Emmons, in charge of the investigation of metalliferous 
deposits of the Geological Survey, visited Clifton and formulated plans for future 
investigation. His general supervision and many helpful suggestions have greatly 
facilitated the successive stages of the work. 

In 1900-1901 the topographical surveys were made by Mr. Jeremiah Ahern, 
Mr. E. M. Douglas being geographer in charge. The maps comprise a quadrangle 
with sides of 15 minutes, or about 15 by 17 miles, on the scale of 1 to 62,500, 
and smaller maps, embracing the country in the immediate vicinity of Morenci 
and Metcalf, on the scale of 1 to 1,200. The two latter, as well as the econom- 
ically important part of the large quadrangle map, are reproduced in this report. 

In 1901 I was detailed to take up the geological work. The field work 
occupied the time from the end of October, 1901, to the beginning of May, 1902; 
during the larger part of this time I was most efficiently assisted by Mr. J. M. 
Boutwell. The office work was completed during the winter of 1902-3. 

27 
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For palcontologieal dote rmi nations I am indpbtr<l to Mos«rti. (ieoi^ H. 
Girty, E. O. Ulrich. T. W. Stanton, and Prof. H. S. William.^; and for many 
chemicnl aniilyjiew nnd doUTini nations to the careful and thorough work of Pr. 
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W. F. Hillphmnd. 1 lun nndtr gival oltligations to all mining nion with whom 
I citrTii" into coiitiut ill tlir district fur niimy conrti'sirs extended, and especially 
for their cordrHl iiiviliitioii, withoni rcsfrvf, to visit and oxaiiiine their mines in 
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detail and for permission to record their experiences concerning the mineral 
deposits. Particularly do I desire to express my thanks to Dr. James Douglas, 
as well as to Messrs. C. E. Mills, Gordon McLean, and Milton McLean, of the 
Detroit Copper Company; to Messrs. James Cohpihoun, Paul Nicholas, and 
Alexander McLean, of the Arizona Copper Company; and to Messrs. Wiseman 
and W. T. Climo, of the Shannon Copper Company. 

GENKRAL, TOPOCiRAPHY. 

The traveler bound for Clifton leaves the Southern Pacific Railroad at Lords- 
burg, N. Mex. The scener}- at this point is characteristically New Mexican. The 
wide, almost level plains, which have an elevation of al)out 4:,2<M) feet above the 
sea, are covered with scant grass and diversified by groups of yuccas. Low 
ranges of mountains appear on the horizon in several directions. The di'ainage is 
not well defined; parts of this area are probably closed basins, while others may 
have underground drainage connections with Mimbres River, which itself empties 
into a closed basin. The railroad from Lordsburg to Clifton continues over these 
plains for some 30 miles in a north-northwesterly direction, and then gradually 
descends to the level of Gila River, which here, near the New Mexico line, flows 
at an elevation of about 3,200 feet. Along the descent the plateau, evidently com- 
posed of heavy detrital masses, becomes extensively dissected by a network of little 
gullicvs, producing a kind of miniature badland scenery. Farther on, the Arizona 
and New Mexico line is crossed and the road enters the open, alluvial Duncan 
Valley on Gila River. This valley, which is several miles broad and long, is a 
prosperous agricultural section in which alfalfa and grain are raised. Below 
Duncan the road follows Gila River for 25 miles. The bottom lands become more 
narrow, and are })ordered by low })luffs of basaltic rocks. Big cottonwood trees 
line the banks of the river, which (fi'dinarilv does not contain verv much water, a 
large (juantity })eing taken out for the purpose of irrigation above Duncan. At 
Guthrie the railroad crosses over to the north side of the river and continues over 
the gradually rising teri*aces of detrital material which occupv the country between 
San Francisco and Gila rivers. After a few miles the road begins to descend 
toward San Francisco River, and continues along the base of the steep bluffs of 
consolidated gravels which here line the stream, until finally, 4 or 5 miles farther 
north, it reaches the town of Clifton, picturesquely situated along the narrow 
bottom lands, and shut in by high hills of granite, basalt, and rhyolite. 

CJAMATK. 

Like the other parts of southeastern Arizona, the Clifton district has an 
exceedingly arid climate, clearl}- enough evident in the absence or scantiness of 
vegetation. The rainfall, which naturally varies according to elevation, but 
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(2) Deposits in limestone. These are similar to the first ^roup. Wherever 
these ore bodies have been worked out an ore channel has been found connecting 
them with the contact zones. 

(3) Deposits in porphyry. These consist of sheets and pockets in kaolinized 
porphyr}'. Near the surface in these deposits pockets of malachite have been 
found, some carrying large amounts of rich ore. In other places the ore bodies 
resemble, and may be called, fissure veins, as the ore doubtless fills fissures in 
porphyry; still Henrich would not consider them as normal fissure veins. No 
ore connections have thus far l)een traced between the different deposits, and it 
is not believed that any such connection exists. The gangue of the ores is 
nearh' free from iron, containing only 1 or 2 per cent of that metal. The main 
gangue is kaolinized porphyr}- with a high j^ercentage of alumina. The probable 
genesis is indicated as follows: 

Through the sedimentary rocks an immense dike of jwrphyry broke, tearing 
the edges of the huge fissure. This outpour of porphyry probably brought with 
it the iron and copper in the form of copper glance, pyrite, and chalcopyrite. 
At the cooling of the i>orphyry, which must have been extremely slow, the 
disseminated sulphides probabh' concentrated and finally were deposited in the 
fissures and pockets of the porphyry formed by the cooling of the mass. 
The original deposit of copper as copper glance is asserted. 

When the cooling was completed a period of leaching began, carrying the 
sulphates in solution. Probably at that time the climate was more moist than 
now. Henrich further believed that the contact and limestone deix)sits were of 
secondary origin, derived by the oxidizing action of atmospheric conditions on 
pyrite. He also expressed the conviction, fully borne out by subsequent develop- 
ments, that the deposits of copper glance would yet contribute the largest amount 
of ore to the total production of the district. 

IIISTOUY OF TlIK DISTRICT. 

Like other mining districts of the Southwest, Clifton-Morenci has an interesting 
history. The earlier part, comprising the times of discovery and early develop- 
ment, teems with stirring episodes of frontier life at places far distant from lines 
of communication, where the pioneers were ex[>osed under a burning southern 
sun to many privations and to dangers from hostile Apaches and from the 
lawless element for whom the lx)undary region l>etween the United States and 
Mexico seemed to possess great attraction. These unfavorable conditions, however, 
produced a courageous self-reliance, no doubt contributing to the later and rapid 
advancement of the country. The second period, really Ix^ginning with the 
construction of the Southern l^acific Railroad, has l)een one of great and successful 
industrial development, which finally has resulted in placing the district in the 
first rank of the copper producers of this continent. 
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A prospecting party from Silver City, N. Mex., discovered the mines in the 
vicinity of Clifton, in August, 1872, and the first mining district was organized 
under the name of Copper Mountain district. At that time there were only 18 
or 20 men in the district; among them were Messrs. I. Stevens, Bob Metcalf , and 
Golden. Among the claims located at that date are mentioned the following: 
Arizona Central, Copper Mountain, Montezuma, and Yankie. A few days later 
the Longfellow mine and various claims at Metcalf were loncated. 

At that time the conditions were not encouraging. The nearest railroad 
station was La Junta, Colo., 700 miles distant. No wagon road was as yet built; 
provisions and supplies were very high, and the communications frequently 
interrupted by bands of Apaches, ever on the alert to waylay the prospectors and 
teamsters. Indian raids continued at intervals, rendering the country unsafe till 
about 1885. On one occasion, in 1882, a number of miners were killed on Gold 
Creek, and the Indians even attacked the town of Morenci. 

An interest in the mines was transferred by Metcalf to Lezinsk}^ Brothers, of 
Las Cruces, N. Mex., who soon afterwards acquired nearly full ownership of the 
most important groups. In 1873 an adobe furnace was erected at Longfellow 
mine with a capacity of 1 ton a day, the blast being derived from bellows worked 
by hand. Next year the first water-jacket furnaces were built on San Francisco 
River near Clifton, copper plates first being employed instead of steel jackets. 
Reverberatory furnaces were not a success on account of the very basic ores and 
difficulty in obtaining fire bricks of good quality. 

In 1879 the so-called baby-gage (20-inch) railroad was built by Lezinsky 
Brothers, connecting Metcalf and Clifton. Wendt states that the output of the 
Longfellow mine then was 40 tons a day of 20 per cent ore, the cost of mining 
being $10 per ton. Operations on a larger scale became possible Vhen the 
Southern Pacific Railroad was completed in 1881, and all expenses of mining and 
smelting became considembly lessened. In 1884 new reduction works were built 
at Clifton, with three furnaces of 60 tons, and two of 80 tons, capacity. A 
narrow-gage branch line was also built, connecting Clifton with Lordsburg on 
the main Southern Pacific line. Prospecting for gold became more active both 
in the Gold Creek drainage basin and in the Greenlee district a few miles due 
north of Clifton. River gravels bearing gold were worked at Oroville, 3 miles 
above Clifton. Silver deposits were opened at Granville, 12 miles north-northwest 
of Clifton. But these attempts at gold and silver mining did not prove very 
successful, and copper remained the mainstay- of the camp. 

In the meanwhile the Detroit Copper Company had developed its mines at 
Morenci with much success. At first the ores were smelted on San Francisc»o 
River a few miles below Clifton. In 1884 the location of the smelter was changed 
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to Morenci, supplies being hauled by the Arizona and New Mexico Railroad to 
Longfellow, and thence up a 2,200-foot incline to the smelter level. From this 
time the production and the importance of the camp increased steadily. In 1893 
the leaching treatment with sulphuric acid was introduced for the Metcalf ores. 
The two oldest companies have all along pursued the policy of extending their 
holdings and purchasing all promising claims. Many other companies conducted 
prospecting operations, but none of them, except the Shannon, have worked their 
properties on a large scale. About 1893 the great low-grade sulphide bodies of 
Copper Mountain at Morenci were discovered, and this effected wide-reachine 
changes. Extensive concentration plants were built and the small cupola^s were 
replaced by great rectangular shaft furnaces with a capacity of up to 300 tons of 
charge per twenty -four hours. Great pumping plants were erected which elevated 
water from San Francisco River and Eagle Creek to Morenci. 

In 1901 the Detroit Company completed a narrow-gage railroad from Guthrie 
on Gila River, on the Arizona and New Mexico Railroad, to Morenci. The pro- 
duction of copper increased steadily, and in 1901 attained 38,000,000 pounds. At 
the present time Clifton is a thriving town, with a population numbering several 
thousand. The smelting works of the Arizona Copper Company and of the 
Shannon Copper Company are located there. Metcalf is a smaller town, with a 
population of about 1,000. Morenci, high up on the hills west of Chase Oeek 
and some 4 miles north-northwest of Clifton, has a population of about 5,000. 
At all places the labor is largely Mexican. The wages of American miners 
average $3, those of Mexicans $2.25 and $2.50, while common labor is paid from 
$1 to $2 a day. 

The future of the camps is assured for man}- years, for the low-grade ore 
bodies, which are now the principal mainstay, are of ver}^ large extent, and the 
production bids fair to keep up at least the present mte for some time to come. 
At the present time there are three large corporations possessing extensive 
mines and smelting works. Besides these a few smaller companies are developing 
claims and occasionally shipping ore. The large companies are the Arizona Copper 
Company, the Detroit Copper Company, and the Shannon Consolidated Copper 
Company. Among the smaller properties the New England Mining Company, the 
Clifton Consolidated Copper Company, the Standard Copper Company, the Markeen 
Company, and the company operating the Stevens Consolidated claims are the 
most important. 

THE DETROIT COPPER COMPANY. 

HISTORY. 

The Detroit Copper Company was organized thirty years ago by Captain 
Ward. It began smelting the rich ore from its Morenci claims about 1882, 
the smelter being located miles south-southeast of Morenci on San Francisco 
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River. In 1884 the location of the smelter was changed to Morenci, where it 
has since remained. The holdings of the company and the plant have been 
steadily increased, especially since the discovery, in 1898, of the large low-grade 
bodies of Copper Mountain. About ten years ago the holdings and plant of the 
company were transferred to Dodge, Phelps & Company, of New York, who 
have since continued the enterprise under the old name. 

LOCATION OP MINES AND SMELTER. 

The principal mines of the Detroit Copper Company, as well as the smelter, 
are located at Morenci. Besides the principal producing claims near the town, 
the company owns a number of prospects in the Gold Creek dittinage, and also 
many partly developed claims between Morenci and Metcalf. Morenci is connected 
with the Arizona and New Mexico Railroad at Guthrie by a narrow-gage branch 
line. This railroad crosses Gila River near Guthrie, and extends across the 
rolling foothills of Gila Valley to San Francisco River, which is crossed 8 miles 
below Clifton. Thence the grade steadily ascends over the gravel hills to the 
mouth of Morenci Canyon, 1 mile below the town, and reaches Morenci by a series 
of four loops, ascending about 500 feet in that distance. 

THE MINES. 

The mining operations of the Detroit Copper Company are at present largely 
conducted in the great low-grade ore bodies underlying Copper Mountain. The 
removal of these necessitates overhand stoping with square sets, the stopes being 
afterwards filled as far as possible. The three principal mines owned by the 
company are (1) the Arizona Central, situated in the western part of Morenci and 
developed by a 300-foot shaft; (2) the Copper Mountain, situated in the middle of 
the town and developed by means of tunnels, and (3) the West Yankie, situated 
about one-half mile east of the town, the shaft being sunk to a depth of 200 feet. 
From this last mine large ore bodies under Copper Mountain are extracted. It 
also handles the largest tonnage. Besides these there are a number of smaller 
mines contributing certain amounts of ore. Among these may be mentioned the 
East Yankie, the Montezuma, and the Manganese Blue. In the mining operations 
as conducted here the timbering is the most expensive item after labor, which, 
of course, always comes first. The Detroit Copper Company draws its supply of 
timber from California or Oregon. The cost of mining probably varies between 
$1.50 and $2 a ton. The ore extracted from the mines is roughly sorted into 
smelting ore, which may be said to comprise everything containing above 8 per 
cent of copper, and concentrating ore, which consists of decomposed porphyry 
with finely disseminated pyrite and chalcocit^. The ores ma}^ further be divided 
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For paleontological determinations I am indebted to Messrs. (ieorpe H. 
Girty, E. O. Ulrich, T. W. Stanton, and Prof. H. S. Williams; and for many 
cbeniical analyses and determinations to the careful and tliorou^fb work of Dr. 
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W. F, Hillebrand. i am under pri'at obligtition.s to all mining men with whom 
I came into contaot in the district for many courtesies extended, and especially 
fur their eordial invitation, without reserve, to visit and examine their mines in 
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detail and for permission to record tlieir experiences eoncerning the mineral 
deposits. Particularly do I desire to express my thanks to Dr. James Douglas, 
as well as to Messrs. C. E. Mills, Gordon McLean, and Milton McLean, of the 
Detroit Copper Company; to Messrs. James Cohpihoun, Paul Nicholas, and 
Alexander McLean, of the Arizona Copper Company; and to Messrs. Wiseman 
and W. T. Climo, of the Shannon Copper Company. 

GENKUAL. TOPOCiRAPHY. 

The traveler bound for Clifton leaves the Southern Pacific Railroad at Lords- 
burg, N. Mex. The scenery at this point is chamcteristically New Mexican. The 
wide, almost level plains, which have an elevation of about 4:,2(M) feet above the 
sea, are covered with scant grass and diversified by groups of yuccas. Low 
ranges of mountains appear on the horizon in several dii'ections. The drainage is 
not well defined; parts of this area are probably closed basins, while others may 
have underground drainage connections with Mimbres River, which itself empties 
into a closed basin. The railroad from Lordsburg to Clifton continues over these 
plains for some 30 miles in a north-northwesterly direction, and then gradually 
descends to the level of Gila River, which here, near the New Mexico line, flows 
at an elevation of about 3,200 feet. Along the descent the plateau, evidently com- 
posed of heavy detrital masses, becomes extensively dissected by a network of little 
gulliCvS, producing a kind of miniature badland scenery. P'arther on, the Arizona 
and New Mexico line is crossed and the road enters the open, alluvial Duncan 
Valley on Gila River. This valley, which is several miles broad and long, is a 
prosperous agricultural section in which alfalfa and grain are raised. Below 
Duncan the road follows Gila River for 25 miles. The l>ottom lands become more 
narrow, and are bordered by low bluffs of basaltic rocks. Big cottonwood trees 
line the banks of the river, which (fi-dinarilv does not contain verv much water, a 
large quantity being taken out for the purpose of irrigation above Duncan. At 
Guthrie the railroad crosses over to the north side of the river and continues over 
the gradualh' rising terraces of detrital material which occupy the country l)etween 
San F'rancisco and Gila rivers. After a few miles the road begins to descend 
toward San Francisco River, and continues along the base of the steep bluffs of 
consolidated gravels which here line the stream, until finally, 4 or .5 miles farther 
north, it reaches the town of Clifton, picturesquely situated along the narrow 
bottom lands, and shut in by high hills of granite, basalt, and rhyolite. 

CT^IMATK. 

Like the other part^ of southeastern Arizona, the Clifton district has an 
exceedingly arid climate, clearly enough evident in the absence or scantiness of 
vegetation. The rainfall, which naturally varies according to elevation, })ut 



30 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

scarceh' exceeds 10 inches per annum in the lower parts of the region, is chiefly 
distributed over two wet seasons, one occurring in the late fall or during the 
winter, and the other during the late summer months — »Iuh' and August. In 
the lower part of the district, at elevations from 3,(KK) to 4:,(HX) feet, snow 
seldom falls and never remains on the ground for more than a very short time. 
On the higher ridges, above 5,000 and ♦nOOO feet — such as, for instance, at 
the head of Chase Creek — the snow mav reach a depth of a foot or two and 
ma}' remain for several weeks at a time. The summer rains are chamcteristic of 
the southern pirt of Arizona, and arc important because they mpidly start the 
gmss to a luxuriant growth. 

Except for a few desert bushes the lower foothills are practically barren. 
In many places, however, grows the thorny long-stemmed bush known as Foh- 
qutt^m iiplefuhma^ whose bare stems are covered with brilliant scarlet flowers 
during the spring months. Up to elevations of ♦>,(KX) feet the ridges generally 
support no arl)oreal growth, although a number of species of agave and yucca 
are found on them. Above elevations of (>,00() feet, in sheltered locations, 
stunted trees of juniper and cedar arc fairly common, and are extensively used 
as firewood. In certain places yellow pines also occur, and these may in some 
cases even be suitable for lumber. A growth of manzanita bushes and stunted 
oak is also found on the higher slopes. I^arge cotton wood trees grow along San 
Francisco River and Eagle Creek, and fairly large live oaks occupy the broad 
washes in some parts of the region. 

lilTERATURE. 

The following list embraces the important publications in which are found 
direct references to the geology and mining industry of Clifton: 

Raymond, R. W. Mineral resoiircea wefit of the Roi*ky Mountains: Rei)ort of Mining Commissioner, 
7 volumes, 1870-1876. 
Contains many valuable data as to early mining in the district. 
Gilbert, G. K. Rei)ort on the geology of portions of Nevatla, Utah, California, and Arizona, 
examine<l in the years 1871 and 1872: U. S. Geog. Surv. West One-HundrcMith Meridian, vol. 
3, Geology, 1875, pp. 21-187, 507-6H7. 

Descrilx^H relation of basin ranges to the plateau region of Nevada an<l Utah. Characterizes 

basin-range structure. Distinguishes three natural divisions in Arizona — the range region, the 

volcanic region, an<l the plateau region. De8cril)es in general the geology and stnicture of 

each region in southeastern Arizona. Names, describes, and discusses the (iila conglomerate. 

HiNTON, R. J. Handbook to Arizona. San Francisco, 1878. 

Contains historical <lata in regard to early mines and development. 
DoniLAs, James. Clifton copjier mines of Arizona: Eng. and Min. Jour., Feb. 21, 1880. 
Hamilton, Patrick. Resounres of Arizona. 3d ed., San Francis<'o, 1884. 

An account of mines and mining crtntaining much historical information. 
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Wexdt, Arthur F. Copper ores of the Southwest: Trans. Am. Inst. Min. Enj?., vol. 15, 1887, 

pp. 25-77. 
This paper contaius tlie first geological description of the Longfellow, Ck)ronado, and Metcalf 

mines, and many important historical data regarding mining and smelting. 
Henrich, C. Copper ore deposits near Morenci, Ariz.: Eng. and Min. Jour., Mar. 26, 1887, pp. 

202-219. 
This brief paper contains valuable statements as to the geological occurrence of the ores at 

Morenci, but does not mention the occurrences near Metcalf. 
Douglas, James. Copper resources of the United States: Trans. Am. Inst. Min. Eng., vol. 19, 

1891, p. 689. 
Douglas, James. Historical sketch of copjHjr mining in the Unite<i States: Mineral Industry, vol. 

4, 1895, pp. 269-286. 
Douglas, James. Copjwr industry of Arizona: Mineral Industry, vol. 6, 1897, pp. 227-232. 
Blake, W. P. Mining in Arizona: Report of the Governor of Arizona to the Secretary of the 

Interior, 1899, pp. 43-109. 
Emmons, S. F. Secondary enrichment of ore dejw^its: Trans. Am. Inst. Min. Eng., vol. 30, UK)1, 

pp. 177-217. 
Contains brief account of the occurrences of copper ores in the Clifton district. 

» 

In the Tmnsactions of the Institute of Mining Engineers for 1887, Arthur F. 
Wendt published a paper on Copper Ores of the South, giving for the first time 
an account of the geological and technical conditions of the copper industries at 
Clifton and other points. The paper contains much valuable material, although 
the true significance of the geological phenomena is not alwa3's fully appreciated 
or rightly interpreted. The figures which accompany the paper, and which have 
been widel}' copied, partake more of the nature of rough sketches than of actual 
representation to scale. 

Wendt divides the ores into those occurring in limestone, porphyry, and 
granite. The Longfellow mine is described in some detail and considered as a 
fissure vein, the author evidently using this term in a ver}^ wide sense. Many 
valuable analyses of ores are given. Metcalf is described as a '' stock werk" in 
porphyry. The Coronado vein is also described, and statements are made showing 
that the tenor of the ores in general diminishes rapidly as depth is attained, the 
rich copper ores giving way to poor pyrite and chalcopyrite. 

A short paper was published in the Engineering and Mining Journal, March 26 
and April 2, 1887, by Carl Henrich, in which the deposits at Morenci are described. 
This paper contains much of interest and some very valuable generalizations. 
Again, some of the geological features are not correctly interpreted, but on the 
whole the paper is the best description of the deposits and their probable genesis 
which has thus far appeared. Henrich divides the deposits into three groups: 

(1) Contact deposits, containing malachite, azurite, and cuprite ores. These 
occur on the contact of limestone and porphyry, and are sometimes entirely included 
in decomposed porphyry near the contact. 
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(2) Deposits in limestone. These are similar to the first ^roup. Wherever 
these ore bodies have been worked out an ore channel has been found connecting 
them with the contact zones. 

(3) Deposits in porphyry. These consist of sheets and pockets in kaolinized 
porph3'ry. Near the surface in these deposits pockets of malachite have been 
found, some carrying large amounts of rich ore. In other places the ore bodies 
resemble, and may be called, fissure veins, as the ore doubtless tills fissures in 
porphyry; still Henrich would not consider them as normal fissure veins. No 
ore connections have thus far been traced between the different deposits, and it 
is not believed that any such connection exists. The gangue of the ores is 
nearly free from iron, containing onl}' 1 or 2 per cent of that metal. The main 
gangue is kaolinized porph3'r3' with a high percentage of alumina. The probable 
genesis is indicated as follows: 

Through the sedimentary rocks an immense dike of porphyry broke, tearing 
the edges of the huge fissure. This outpour of porphyry probably brought with 
it the iron and copper in the form of copper glance, pyrite, and chalcopyrite. 
At the cooling of the i>orphyry, which must have been extremely slow, the 
disseminated sulphides probably concentrated and finally were deposited in the 
fissures and pockets of the porphyry formed by the cooling of the mass. 
The original deposit of copper as copper glance is asserted. 

When the cooling was completed a period of leaching began, carr3'ing the 
sulphates in solution. Probably- at that time the climate was more moist than 
now. Henrich further believed that the contact and limestone deposits were of 
secondary origin, derived b^^ the oxidizing action of atmospheric conditions on 
pyrite. He also expressed the conviction, fully borne out b}' subsequent develop- 
ments, that the deposits of copper glance would vet contribute the largest amount 
of ore to the total production of the district. 

HISTORY OF THE DISTRICT. 

Like other mining districts of the Southwest, Clifton-Morenci has an interesting 
history. The earlier part, comprising the times of discovery and earh' develop- 
ment, teems with stirring episodes of frontier life at places far distant from lines 
of communication, where the pioneers were exposed under a burning southern 
sun to many privations and to dangers from hostile Apaches and from the 
lawless element for whom the boundary region between the United States and 
Mexico seemed to possess great attraction. These unfavorable conditions, however, 
produced a courageous self-reliance, no doubt contributing to the later and rapid 
advancement of the country. The second period, realh' beginning with the 
construction of the Southern Pacific Railroad, has been one of great and successful 
industrial development, which finall}^ has resulted in placing the district in the 
first rank of the copper producers of this continent. 
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A prospecting party from Silver City, N. Mex., discovered the mines in the 
vicinity of Clifton, in August, 1872, and the first mining district was organized 
under the name of Copper Mountain district. At that time there were only 18 
or 20 men in the district; among them were Messrs. I. Stevens, Bob Metcalf, and 
Golden. Among the claims located at that date are mentioned the following: 
Arizona Central, Copper Mountain, Montezuma, and Yankie. A few days later 
the Longfellow mine and various claims at Metcalf were Ippated. 

At that time the conditions were not encouraging. The nearest railroad 
station was La Junta, Colo., 700 miles distant. No wagon road was as yet built; 
provisions and supplies were very high, and the communications frequently 
interrupted by bands of Apaches, ever on the alert to waylay the prospectors and 
teamsters. Indian raids continued at intervals, rendering the country unsafe till 
about 1885. On one occasion, in 1882, a number of miners were killed on Gold 
Creek, and the Indians even attacked the town of Morenci. 

An interest in the mines was transferred by Metcalf to Lezinsky Brothers, of 
Las Cruces, N. Mex., who soon afterwards acquired nearly full ownership of the 
most important groups. In 1873 an adobe furnace was erected at Longfellow 
mine with a capacity of 1 ton a day, the blast being derived from bellows worked 
by hand. Next year the first water-jacket furnaces were built on San Francisco 
River near Clifton, copper plates first being employed instead of steel jackets. 
Reverberatory furnaces were not a success on account of the very basic ores and 
difliculty in obtaining fire bricks of good quality. 

In 1879 the so-called baby-gage (20-inch) railroad was built by Lezinsky 
Brothers, connecting Metcalf and Clifton. Wendt states that the output of the 
Longfellow mine then was 40 tons a day of 20 per cent ore, the cost of mining 
being $10 per ton. Operations on a larger scale became possible Vhen the 
Southern Pacific Railroad was completed in 1881, and all expenses of mining and 
smelting became considembly lessened. In 1884 new reduction works were built 
at Clifton, with three furnaces of 60 tons, and two of 30 tons, capacity. A 
narrow-gage branch line was also built, connecting Clifton with Lordsburg on 
the main Southern Pacific line. Prospecting for gold became more active both 
in the Gold Creek drainage basin and in the Greenlee district a few miles due 
north of ("lifton. River gravels l)earing gold were worked at Oroville, 3 miles 
above Clifton. Silver deposits were opened at Granville, 12 miles north-northwe«t 
of Clifton. But these attempts at gold and silver mining did not prove very 
successful, and copper remained the mainstay of the camp. 

In the meanwhile the Detroit Copper Company had developed its mines at 
Morenci with much success. At first the ores were smelted on San Francisco 
River a few miles below Clifton. In 1884 the location of the smelter was changed 
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to Morenci, supplies being hauled by the Arizona and New Mexico Railroad to 
Longfellow, and thence up a 2,200-foot incline to the smelter level. From this 
time the production and the importance of the camp increased steadily. In 1893 
the leaching treatment with sulphuric acid was introduced for the Metcalf ores. 
The two oldest companies have all along pursued the policj' of extending their 
holdings and purchasing all promising claims. Many other companies conducted 
prospecting opemtions, but none of them, except the Shannon, have worked their 
properties on a large scale. About 1893 the great low-grade sulphide bodies of 
Copper Mountiiin at Morenci were discovered, and this effected wide-reaching 
changes. Extensive concentration plants were built and the small cupolas were 
replaced by great rectangular shaft furnaces with a capacity of up to 300 tons of 
charge per twenty-four hours. Great pumping plants were erected which elevated 
water from San Francisco River and Eagle Creek to Morenci. 

In 1901 the Detroit Company completed a narrow-gage railroad from Guthrie, 
on Gila River, on the Arizona and New Mexico Railroad, to Morenci. The pro- 
duction of copper increased steadily, and in 1901 attained 38,000,000 pounds. At 
the present time Clifton is a thriving town, with a population numbering several 
thousand. The smelting works of the Arizona Copper Company and of the 
Shannon Copper Company are located there. Metcalf is a smaller town, with a 
population of about 1,000. Morenci, high up on the hills west of Chase C>reek 
and some 4 miles north-northwest of Clifton, has a population of about 5,000. 
At all places the labor is largely Mexican. The wages of American miners 
average $3, those of Mexicans $2.25 and $2.50, while common labor is paid from 
$1 to $2 a day. 

The future of the camps is assured for man>' years, for the low-grade ore 
bodies, which are now the principal mainsta}-, are of very large extent, and the 
production bids fair to keep up at least the present rate for some time to come. 

At the present time there are three large corporations possessing extensive 
mines and smelting works. Besides these a few smaller companies are developing 
claims and occasionally shipping ore. The large companies are the Arizona Copper 
Company, the Detroit Copper Company, and the Shannon Consolidated Copper 
Company. Among the smaller properties the New England Mining Company, the 
Clifton Consolidated Copper Company, the Standard Copper Company, the Markeen 
Company, and the company operating the Stevens Consolidated claims are the 
most important. 

THE DETROIT COPPER ( OMPANY. 

HISTORY. 

The Detroit Copper Company was organized thirty years ago by Captain 
Ward. It began smelting the rich ore from \t^ Morenci claims about 1882, 
the smelter being located miles south-southeast of Morenci on San Francisco 
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River. In 1884 the location of the smelter was changed to Morenci, where it 
has since remained. The holdings of the company and the plant have been 
steadily increased, especially since the discovery, in 1893, of the large low-grade 
bodies of Copper Mountain. About ten years ago the holdings and plant of the 
company were transferred to Dodge, Phelps & Company, of New York, who 
have since continued the enterprise under the old name. 

LOCATION OP MINES AND SMELTER. 

The principal mines of the Detroit Copper Company, as well as the smelter, 
are located at Morenci. Besides the principal producing claims near the town, 
the company owns a number of prospects in the Gold Creek drainage, and also 
many parth' developed claims between Morenci and Metcalf. Morenci is connected 
with the Arizona and New Mexico Railroad at Guthrie by a narrow-gage branch 
line. This railroad crosses Gila River near Guthrie, and extends across the 
rolling foothills of Gila Valley to San Fmncisco River, which is crossed 8 miles 
below Clifton. Thence the grade steadily ascends over the gravel hills to the 
mouth of Morenci Canyon, 1 mile below the town, and reaches Morenci by a series 
of four loops, ascending about 500 feet in that distance. 

THE MINES. 

The mining operations of the Detroit Copper Company are at present largely 
conducted in the great low-grade ore bodies underlying Copper Mountain. The 
removal of these necessitates overhand stoping with square sets, the stopes being 
afterwards filled as far as possible. The three principal mines owned by the 
company are (1) the Arizona Central, situated in the western part of Morenci and 
developed by a 300-foot shaft; (2) the Copper Mountain, situated in the middle of 
the town and developed by means of tunnels, and (3) the West Yankie, situated 
about one-half mile east of the town, the shaft being sunk to a depth of 200 feet. 
From this last mine large ore bodies under Copper Mountain are extracted. It 
also handles the largest tonnage. Besides these there are a number of smaller 
mines contributing certain amounts of ore. Among these may be mentioned the 
East Yankie, the Montezuma, and the Manganese Blue. In the mining operations 
as conducted here the timbering is the most expensive item after labor, which, 
of course, always comes first. The Detroit Copper Company draws its supply of 
timber from California or Oregon. The cost of mining probably varies between 
$1.50 and $2 a ton. The ore extracted from the mines is roughly sorted into 
smelting ore, which ma}^ be said to comprise everything containing above 8 per 
cent of copper, and concentmting ore, which consists of decomposed porphyry 
with finely disseminated pyrite and chalcocite. The ores ma}' further be divided 
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into oxidized ores, which contain cuprite, malachite, and aziirite, and sulphide 
ores, which largely consist of a mixture of pyrite and chalcocite. The oxidized 
ores amount at present to only a small and diminishing part of the total output, 
and are principally produced from the Montezuma and the Manganese Blue mines. 

ORB PRODUCTION. 

The daily output from the mines of the Detroit Copper Company during the 
first four months of 1902 averaged as follows: 

Daily output of copper orey in tonSy from mines of Detroit Copper Company. 

[Firat four months of 1902.1 




Smelting Concentrat- 1 M-^netlte. 
ore. I tag ore. M««neui«. 



Ryerson mine \ 90. SO 

Arizona Central mine ' 28. 75 

Copper Mountain mine 11. 12 

I 

Total i 128.67 



211.33 
d5.80 
63.60 



15.33 




At the time of this production the relative output of the three mines men- 
tioned was as 5 to 8 to 3, respectively, in the above order. Since then the East 
Yankie mine has acquired an importance equal to that of the Arizona Central 
and the Copper Mountain, owing to discoveries of large bodies of concentrating 
ore. 

CONCENTRATING. 

The larger part of the ore requires, as stated above, concentration before it 
can be smelted. It is difficult to say what the exact tenor of the concentrating 
ore amounts to. It probably varies between 3 and 5 per cent of copper. The 
concentrator is located near the West Yankie shaft, alx)ut half a mile east of 
. Morenci, and is connected with the various mines by means of railroads. The 
principal tonnage, as stated before, is hoisted close to the concentrator. The 
capacity of the plant, which is considered a model of its kind, is from 12,000 to 
14,000 tons a month, or from 400 to 468 tons a day. Latest advices in 1904 
indicate the intention of the company to double the capacity of this plant. The 
water used for the concentrator is pumped from San Francisco River, the pumping 
station being located close to the railroad bridge, 8 miles below Clifton. The 
amount used is 150 gallons a minute of fresh water, but there are a number of 
settling tanks by means of which it is endeavored to prevent waste as far as 
possi})lo. Four hundred gallons are allowed per ton of ore. The water is 
pumped against a head of 1,600 feet. The power driving the concentrator is 
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derived from three gas engines of 100 horsepower each, the gas needed being 
produced in a plant of two Loomis generators, fed by bituminous coal. This 
plant, which is located some distance from the concentrator, has a capacity of 
2,0<X),000 cubic feet a day, and also furnishes motive power for several dynamos 
and for two gas engines of 200 horsepower each, which are needed in the smelter 
for blowers, pumps, etc. 

The general plan of treatment in the concentrator is as follows: 



Coarse 



Ore bins 

2 punched sheet-iron screens. 

1} inches — § inch 



Conveyor belt 

(Hand sorted) 

(Over 200 tons per month of high- 
grade ore) 

3 crushers 
to i inch 



Below I inch; 
rich; 8 per cent (to smelter) 



Trommel 
} inch holes 



Rolls 




Rough jigs 



finch 



Trommel 
} inch i inch Hydraulic sizer 



Concentrates 



Tailings 




Overflow. 



Settling tanks 
and vanners. 



Concentrates 



Overflow 




High si)ee<l rolls 




Bryan Mills 



Hydraulic sizers and Spitzkasten 



Coarsest 



Other sizes 



Overflow 



3 slime jigs 

3 Bartlett tables 



24 vanners 



To pulp thickening tanks 
and vanners 




Concentrates 



Tailings. 



^^ ^j^^mat, yx^MfST^ '^ *:tsn'^%'mfMaa^ci Mgrmufn. 



f vrtia^^^ > < fi<^^. fr«>au tii^ Xjarifr^ to tb^ <:inr^pa|r fl^fc^. aM ttK- mru ax tr#«> 
t*ti*^»5^ ^2 :S0'JSt^ vr j± f4»<^ Tbfr «M|flMntj k l^".* U»« of cIai^ per twisty- 
i/^f wjvr^ TV: u^^ f i£5idK^ 2% dtudlMr to tiie <4d except in lariii^ a inore pro- 
s^jve^^ v/hL. luif^ n i^^^ksi^ '^ ^-^ '^^^ *^ 1^-^ incbe^ from torere^ tc» dttj^^iiiE^ floor. 
TV: ^siH0^^r k al«o fnaO^T^ MmMMUAmg to ITo too» of toCml <:inr^ per tweotT- 

T\0: ^^*yt ^/m4 of m udxUm of ciialecicitp mud prrite and oxidixed orp$ 
tJMidt ^:aiii ^MT^s^frntir be mMrh^d vitbotit prelimiiiUT roaetii^. Gmt variations 
Mf*: ^j^/mm fjn tbe ^mtpfjuiikm of tbe ores. The followii^ analrsies mar serre as 

A Midp m m '4 '^'^ /tcm iMitr^ Oi/pp^ C ia mpam^ M ■toio, Jfomkni, Ariz. 

M<nt#>ra- 



fk«l«d SrvMSiai^ifRMB 



•nlphSdcL 



froM eoo- 



flae coe- j Outanate Oxide 
ore. ore. 



-^^ U.h 45.0 -W.g 34.5 66.9 3d.O 44.6 34.3 

r-r 20.9 16.5 ' 9.6 16.4 1.4 23. 7 | 13.2 12,4 

Al/>, 10.6 10.0 20.1 21.2; 24.5 6.2! 17.7 15.7 

^'j90P Tnee. .5 .3 .5 4.3 Ti»ce. 5.5 8.2 

MiK/ Traoe. .2 .5 Ttwsx. Tntfe. 3.1 3.3 

Oi 19.9 7.7 7.0 5.8' 2.1 16.0 5.7 7.7 

J* 23.8 17.7 11.0 19.5 25.0 



'^(li^fr^ \h %\mp ^jfxaMionally a little manganese and zinc in the ore^ the latter 
htrnt^imheh uiffpHMring in the matte. About 45 per cent of the ore treated consists 
<0f I'orH'^ritnU** in briq netted form. The average ore and concent mtei? treated 
in th^ hUielter ^xintain aliout 11 per cent of copper. 
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The matte has the following average composition: 

Average composition of matte from Detroit Copper Company^ s smelters. 

Per cent. 

Cu 55.6 

Fe 20.4 

S 22.6 

Pb None. 

Bi None. 

Ni None. 

Zn 11 

Sb 02- 

As 016 

Se, Te 013 

Insoluble 9 

99.659 
The flue dust has also been analyzed and is composed as follows: 

Average composition of fine dust from Detroit Copper Company^ s smelters. 

Per cent. 

Cu 10.2 

Fe 30.7 

AljO, 14.9 

CaO 2.3 

MgO 6 

Ni None. 

Zn 35 

Pb 3 

As 025 

Sb 032 

Re, Te 0125 

S 5.4 

SiOj 27.6 

SO, 1.83 

C 5.94 

In the converters the copper matte is reduced to metallic copper about 99 
to 99.8 pure. From the converters it is tapped into molds forming ingots weigh- 
ing 285 pounds. 

It is an interesting fact that gold and silver are practically^ absent from the 
ores, onl}' traces being present. Even in the Bessemer copper there is so little 
silver that it would not ordinarily pay for further separation. 
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It will be noted that of other metals there are only minute traces^ of lead 
zinc, antimony, and arHenic. 

An interesting further fact is that minute quantities of selenium and tellurium 
occur in the matte as well as in the copper and in the flue dast. 

It is proposed to replace the present furnaces b\- new ones of far greater 
capacity. The proposed furnaces would have 40 tuyeres of 4+ inches diameter 
and have an area of 42 inches by 22 feet at the tuyeres. The distance from 
tu^-eres to feed floor is to he 12 feet, and the forehearth 15 feet in diameter. 
One of these furnaces was completed in 1904 and is the largest ever emploved 
in copper smelting. 

The favorable composition of the ores renders no other flux but limestone 
necessary, and fortunately this material is obtained in the immediate vicinitv. 
A large quarry has been opened at the southwest side of the smelter^ only a few 
hundred feet distant. The rock quarried consists of an almost pure, rather 
crystalline limestone of lower Carboniferous age; it contains 94 per cent of 
calcic carbonate. The iron ores (magnetite and limonite) occasionally needed are 
supplied by the mines of the company. 

Silica for converter lining is obtained from a large body of quartzite in the 
North Star tunnel, and kaolin, which is mixed with this, is obtained in an almost 
pure state from the East Yankie mine. 

ARIZONA COPPER COMPAXY. 

HISTORY AND LOCATION. 

The Arizona Copper Company is chiefly controlled by Scotch capital. Its 
capitalization is $3,515,000, in shares of $5 par value. 

The company in 1882 purchased the holdings of Lezinsky Brothers at Long- 
fellow and at Metcalf, and since that time lias sti»adily developed its properties 
and extended its plants, until at the present time it is the greatest producer in 
the Clifton district and one of the largest in Arizona. The property was bought 
shortly before the great discoveries were made at Butte, Mont., at a time when 
copper brought 2U cents per pound. A railroad had to l>e built at great expense 
from Lordsburg to the mines. All these adverse* influences caused the companv 
many diflSculties, which, however, were gradually overcome, largely by the able 
efforts of the manager, Mr. James Colcjuhoun. A few years ago the companv 
began paying dividends, and is now in a prosperous condition. Dividends have 
l>een paid from I89t> up to the pres<?nt time — in all, aggregjiting I^3,9Wjhh.). 

The principal mines of the company are lo<'ated at Morenci, or Ix>ngfellow, 
as the place was formerly <*3illed, and at Metcalf. a few miles alK)ve Clifton, on 
Chase Creek. At Longfellow and Morenci the comixiny owns a throat manv 
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claims curiously interlocking with those of the Detroit Copper Company. At 
Metcalf the company owns something like 40 claims. On the hills between 
Metcalf and Morenci it also owns a number of properties, which, however, it 
does not work at the present time. The remainder of the holdings of the Arizona 
Copper Company are located on Garfield Gulch and on the headwaters of King 
Gulch. On Garfield Gulch are located the producing claims Mammoth and Bruns- 
wick, while on the head of King Gulch are situated the lolanthe, Dead Pine, and 
others, which have also produced considerable amounts of copper. 

The smelting works of the company are located in the town of Clifton, at 
the junction of Chase Creek and San Francisco River. Clifton is connected with 
Lordsburg, on the main Southern Pacific line, by a broad-gage railroad, about 
100 miles in length. This is owned by the Arizona and New Mexico Railroad 
Company, which is closely connected with the Arizona Copper Company. From 
Clifton a 36-inch-gage railroad extends up Chase Creek to Morenci, from which 
it is continued to Metcalf by a 20-inch-gage railroad, originally built some thirty 
years ago })y Lezinsky Brothers, the pioneer operators of the district. 

At the present time it is proposed to replace the 20-inch-gage railroad from 
Longfellow to Metcalf by a 36- inch gage. The distance to Metcalf is 6i miles 
from Clifton and to Morenci about 4 miles. 

MINING. 

The mining operations of the Arizona Copper Company are scattered over a 
considerable territory. At Morenci the company owns several mines. Two of 
these — the Longfellow and the Detroit — are working oxidized copper ores con- 
tained in limestones, and these ore bodies are nearly exhausted. The largest 
tonnage of ore at Morenci is derived from the Humboldt mine, situated in the 
center of the town. This mine is developed by means of tunnels and a 400-foot 
shaft. A narrow-gage railroad connects the mine with the concentrator, which 
is situated on the bluffs overhanging Chase Creek, not far from the Ix)ngfellow 
mine. From a point near the Longfellow mine an incline, descending about 800 
feet in a total distance of about 2,200 feet, connects the mines and the concen- 
ti'ator with the narrow-gage railroad running along the bottom of Chase Creek. 

The mining operations and methods of exploitation of the Arizona Copper 
Compan}' are practiaill}^ the same as those of the Detroit Copper Company, as 
both companies work under similar conditions. 

The principal mines of the Arizona Copper Company at Metcalf are situated 
on Shannon Mountain, about 500 feet above Chase Creek, on the point between 
that stream and King Gulch. The different levels of the mine are connected 
with the railroad by means of two inclines, the longer one descending 500 feet 
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in a horizontal distance of 1,000 feet. The mines at Metcalf are working large 
bodies of low-grade copper ores. There are some underground workings, these 
being mined in the usual way b}^ means of square sets and filling. The larger 
part of the ore is, however, derived from open cuts, after the removal of the 
first 20 or 30 feet of barren material. Instead of the several open cuts at 
different levels now being worked, the company contemplates carrying a large 
open cut through the hill. The handling of the ore and the waste is to be 
facilitated by steam shovels and a self-acting incline, dumping the refuse in King 
Gulch. 

On the south side of King Gulch are located the King and Jameson mines, 
which again are connected with the lower Metcalf incline by means of a long 
tunnel through Shannon Mountain and another incline extending high up on the 
slope south of King Gulch. 

The narrow-gage road is extended from Metcalf about one-half mile west- 
ward up to Coronado Gulch, connecting there with an incline 3,200 feet long and 
sloping about 32^, which leads to the level of a tramway 1 mile long, which ends 
at the Coronado mine high up on the divide between San Francisco River and 
Eagle Creek. At this place the Arizona Copper Company operates the Coronado 
vein, exploiting it by means of tunnels, shafts, and one open cut. The latter is 
located about a mile from the main mine, in Horseshoe Gulch, and is connected 
with the mines by means of an aerial tramway. 

The ores from the mines on Shannon Mountain, King Hill, and at Coronado 
Gulch are transported to the smelter at Clifton by means of the system of tram- 
ways and inclines explained above. 

CONCENTRATING. 

The larger part of the ore requires concentration before it can be smelted. 
All of the mines produce a certain amount of richer ore, which is roughly sorted 
at the mine, and which goes direct to the smelter. The larger part of the 
material, however, which contains from 3 to 6 per cent of copper, nmst first be 
subjected to concentration. The concentrating plants of the Arizona Copper 
Company are extensive, and are, roughly speaking, built in five units, each one 
capable of handling from 200 to 400 tons of ore. The concentrating ore from the 
Humboldt mine at Morenci ^ is treated at the concentrator located near the Long- 
fellow mine, the capacity of which is 9,000 tons per month, or 300 tons per day. 
The necessary water is piped through a 4-mile line from San Francisco River, and 
pumped against a head of 1,600 feet by three gas engines, aggregating 120 hoise- 
power. From 150 to 180 gallons a minute of fresh water is used, the low 



aThe subject of concentration at Morenci was lately discussed by Mr. F. H. I*n)bert in the EngincerinR and Mining 
Journal, June 29 and July 6. 1895. 
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consumption being made possible by an extensive use of settling tanks. The 
concentrator is driven by a Corliss engine, now being changed to three Crossley 
gas engines. The ore is stated to be concentrated in the proportion of approxi- 
mately 5 to 1. The scheme of the concentration is as follows: 



Ore bins 



Rock breaker 
(to IJ inch) 



Rough rolls 



Oversize 

.1 

Rolls 



1} inches, 



2 Trommels by elevator 
} inch, j inch, { inch, 




Slimes 



18 vanners 



Concentrates 



Concentrates 



Overflow 



Tailings 



2 Huntington mills (2 and 2 J mm. screens) 



Slimes 



Hydraulic classifier 



18 vanners 



Vanners 




Concentrates Tailings 



Huntington mill 
(1 and 1} mm. screens) 



The remaining four sections of the concentrating plant are all located at Clifton, 
and are built on the following plan: 1 Blake crusher; 2 Cornish rolls; 2 revolving 
screens, each making 4 sizes; 8 jigs; 2 Huntington mills, No. 5; 18 Frue vanners, 
and 2 Wilfley tables for slime treatment. All tailings are treated in Huntington 
mills, each of which crushes at least 100 tons of tailings per twenty-four hours. 

The ores from Metcalf present an interesting problem, inasmuch as they 
largely consist of decomposed porphyry with malachite and a little chalcocite. It 
has been found possible to treat these ores by concentration in connection with 
lixiviation by means of sulphuric acid. The section of the concenti*ating plant 
devoted to this ore has a capacity of 25u tons, and is equipped with 1 crusher, 
2 coarse rolls, 2 sizing screens, and 8 jigs. There are no tables. The richest 
concentrates constitute smelting ore; the poorer grade is transferred to the 
lixiviation process, and the tailings are considered as waste. 
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In all, 442,865 tons of copper ore were treated, of which only about 8 per 
cent, or 36,000 tons, were first-class ore. The average yield of copper ores treated 
was 3.28 per cent, the first-class ores yielded an average of 12.5 per cent, and the 
concentrating ores 2.55 per cent. From 407,000 tons of concentrating ore a yield 
of 56,800 tons of concentrates was obtained, indicating a concentration of 7 to 1. 
Of this amount 133,000 tons, or about 30 per cent, came from the Metcalf mines, 
indicating an output of about 350 tons a day, while the remainder was obtained 
from the Humboldt and Yavapai mines at Morenci, this ore being probal% of 
somewhat higher grade than that from Metcalf. 

In 1902 the output was as follows: 

Output of Arizona Copper Company* m mines in 190:^. 

Tons per month. 
First class ( Humboldt mine) 3, 500 

Second class (Hmnboldt mine) 28, 600 

First class (Metcalf mine) 920 

Second class (Metcalf mine) 9, 000 

in 1903 the sulphuric-acid plant treated about 420 tons of pyrite per month 
from the Joy mine at Morenci and produced 3,471 tons of sulphuric acid. The 
leaching plant, utilizing this acid, treated 75,300 tons of tailings from the Metcalf, 
and produced 2,982,000 pounds of copper and 120 tons of bluestone. 

The first-class ore yielded 4,245 tons and the concentrating ore 10,270 tons 
of copper. 

The pay roll amounted to $1,500,000 a year, and about 2,000 men were 
employed. 

The output of the Arizona Copper Company for April, 1904, is reported as 
1,173 short tons of Bessemer copper. 

SHANNON COPPER COMPANY. 

The Shannon Copper Company, with a capital stock of $3,000,000, is of 
recent organization, the developments having been begun in 19(X). Previously 
the company owned onl^^ one important claim, namely-, the Shannon, but at that 
time acquired some adjacent ground, necessary to their operations, by purchase 
from the Arizona Copper Company. The property forms a compact body of 
about 25 claims, located near the summit of Shannon Mountain, which rises 1,200 
feet above Chase Creek at Met(*alf. 

The recent development work has proved the existence of several ore bodies 
of large size, most of which are worked by underground stoping and the usual 
processes of square setting and filling. The outlet for the ore is furnished by 
means of an incline, descending to Chase Creek, one-half mile north of Metcalf, 
and having a total drop of 800 feet in a horizontal distance of 1,000 feet. At 
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Chase Creek the ore i^ loaded into the cars of the Coronado Railroad Company, 
and transported 7 miles by rail to the Shannon smelter, which is located on 
the west bank of San Francisco River, 1 mile south of Clifton. This smelter 
was completed and blown in in May, 1902, and for some time kept running on 
high-grade ore obtained without concentmtion. In a short time, however, the 
necessity for a concenti'ator became apparent, and such a plant, with a capacity 
of 400 tons, is now erected on the hillside above the smelter. 

The smelter, which is a thoroughly modern plant, consists of two furnaces, 
with a capacity of 300 tons of charge per twenty-four hours. The size at the 
tuyeres is 44 by 170 inches, or an area of 52 square feet. The jackets are 13 
feet high, and 4 charge spaces are provided on the feed floor. The crucible below 
the tuyeres is 26 inches deep. It will be seen that these furnaces are the largest at 
present operated in the Clifton district, with the exception of the Detroit furnace, 
completed in 1904. The present capacity is reported to be about 500 tons of 
copper per month. During 1902, 2,340,000 pounds of copper were produced by 
direct smelting from ores, without concentration. In 1903 the output was 
6,588,232 pounds, with every prospect of some increase during 1904. In Feb- 
ruary, 1905, a production of 344 tons is reported. 

CONCENTRATING AND SMEI^TING. 

It will be observed that the substitution of aluminous chalcocite oi*es in 
porphyry for the older, easily reduced carbonate and oxide ores in limestone has 
caused many changes in the processes of reduction. The Shannon Company 
alone has as yet large bodies of oxidized ores rich in iron. The method of 
treatment of the porphyry ores is in general to sort by hand as far as possible, 
then concentrate and smelt in cupolas with the addition of limestone and such 
oxidized ore as may be available. The concentration of the ores is difficult on 
account of the soft character of the copper glance, which causes rich slimes. To 
avoid excessive losses successively finer crushing is used, and the grade of con- 
centrates is held rather low. They average perhaps 15 per cent copper. The 
ores are very soft and the capacity of the crushing machines is correspondingly 
great, which tends to cheapen the process. Considerable loss of <'opper is 
unavoidable and may range up to 25 or 30 per cent. Including losses in smelting, 
I should think it probable that the amount of copper recovered is 70 per cent of 
the assay value. 

In smelting, the large percentage of chalcocite obviates the necessity for 
roasting. Much limestone flux is needed on account of the abundant alumina. 

Regarding the tenor of the ore it is probable that the Arizona Copper 
Company at present works the lowest-grade ores in the district. The percentage 
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into oxidized ores, which contain cuprite, malachite, and azurite, and sulphide 
ores, which largely consist of a mixture of pyrite and chalcoc^ite. The oxidized 
ores amount at present to only a small and diminishing part of the total output, 
and are principally produced from the Montezuma and the Manganese Blue mines. 

ORE PRODUCTION. 

The daily output from the mines of the Detroit Copper Company during the 
first four months of 1902 averaged as follows: 

Daily output of copper ore^ in tons^ from mines of Detroit Copper Company. 

[Firat four months of 1902.] 



Mine. 



Ryereon mine 

Arizona Central mine. 
Copper Mountain mine 

Total 



Smelting 
ore. 



90.80 
28.76 
11.12 



128.67 



Concentrat- 
ing ore. 



Magnetite. 



211.33 
65.80 
63.60 



330.73 



15.33 



15.33 



At the time of this production the relative output of the three mines men- 
tioned was as 5 to 3 to 3, respectively, in the above order. Since then the East 
Yankie mine has acquired an importance equal to that of the Arizona Central 
and the Copper Mountain, owing to discoveries of large bodies of concentrating 
ore. 

CONCENTRATING. 

The larger part of the ore requires, as stated above, concentration before it 
can be smelted. It is difficult to say what the exact tenor of the concentrating 
ore amounts to. It probably varies between 3 and 5 per cent of copper. The 
concentrator is located near the West Yankie shaft, about half a mile east of 
, Morenci, and is connected with the various mines by means of railroads. The 
principal tonnage, as stated before, is hoisted close to the concenti-ator. The 
capacity of the plant, which is considered a model of its kind, is from 12,000 to 
14,000 tons a month, or from 400 to 466 tons a day. Latest advices in 1904 
indicate the intention of the company to double the capacity of this plant. The 
water used for the concentmtor is pumped from San Francisco River, the pumping 
station being located close to the railroad bridge, 8 miles below Clifton. The 
amount used is 150 gallons a minute of fresh water, but there are a number of 
settling tanks by means of which it is endeavored to prevent waste as far as 
possible. Four hundred gallons are allowed per ton of ore. The water is 
pumped against a head of 1,600 feet. The power driving the concentrator is 



DETROIT COPPER COMPANY. 



37 



derived from three gas engines of 100 horsepower each, the gas needed being 
produced in a plant of two Loomis generators, fed by bituminous coal. This 
plant, which is located some distance from the concentrator, has a capacity of 

« 

2,000,000 cubic feet a da}% and also furnishes motive power for several dynamos 
and for two gas engines of 200 horsepower each, which are needed in the smelter 
for blowers, pumps, etc. 

The general plan of treatment in the concentrator is as follows: 



Coarse 



Ore bins 

2 punched sheet-iron screens. 

1} inches — § inch 



Conveyor belt 

(Hand sorted) 

(Over 200 tons per month of high- 
grade ore) 



3 crushers 
to i inch 



Below I inch; 
rich; 8 per cent (to smelter) 



Trommel 
i inch holes 



Rolls 




Rough jigs 



finch 



Trommel 
} inch i inch Hydraulic sizer 



Concentrates 



Tailings 




Overflow. 



Settling tanks 
and vanners. 



Concentrates 
(3 kinds) 



Overflow 




High siHjefl rollH 




Bryan Mills 



Hydraulic sizers and Spitzkasten 



Coarsest 



Other sizes 



Overflow 



3 slime jigs 

3 Bartlett tables 



24 vaimers 



To pulp thickening tanks 
and vanners 




Concentrates 



Tailings. 
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SMELTING. 

The smelter of the Detroit Copper Company is situated immediately below 
the town, at a conveniently lower elevation than the mines and the concentrator. 
It consists of 4 blast furnaces with forehearths and 18 tuyeres, and 1 newer furnace 
of the same size built separately from the rest. In these furnaces the ore is 
reduced to a high-grade matte, which is immediately conducted from the forehearths 
into 3 converters of the Bisbee or Leghorn type. The height of the 4 older 
furnaces is 6 feet from the tuyeres to the charging floor, and the area at the 
tuyeres 42 inches by 12 feet. The capacity' is 130 tons of charge per twenty- 
four hours. The new furnace is similar to the old except in having a more pro- 
nounced bosh, and a height of 14 feet and 10 inches from tuyeres to charging floor. 
The capacity is also greater, amounting to 170 tons of total charge per twenty- 
four houi^s. 

The ores consist of a mixture of chalcocite and pyrite and oxidized ores 
that can conveniently be smelted without preliminary roasting. Great variations 
are shown in the composition of the ores. The following analyses may serve as 
samples: 

Analyses of ores from Detroit Copper Company's mines, Morenci, Ariz. 





Sorted 
sulphidei>i. 


Ryerson mine. 






Manganese 
Blue mine. 


Montezu- 
ma mine. 




Screenings from con- 
centrated ore. 


Smelting 
sulphides. 


Slimee 
from con- 
centrator. 

66.9 
1.4 

24.5 
4.3 

2.1 


Fine con- 
centrates. 

26.0 

23.7 

6.2 

Trace. 

Trace. 
16.0 
25.0 


Carbonate 
ore. 

44.6 

13.2 

17.7 

5.5 

3.1 

5.7 


Oxide 
ore. 


SiO^ 

Fe 

Al.O, 


24.5 
20.9 
10.6 

Trace. 

Trace. 
19.9 
23.8 


45.0 

16.5 

10.0 

.5 

.2 

7.7 

17.7 


49.8 

9.6 

20.1 


34.5 
16.4 
21-2 


34.3 
12.4 
15.7 


CaO 


.3 .5 


8.2 


MffO 


.5 
7.0 


Trace. 

5.8 


3.3 


Cu 




S 


11.0 19.5 

















There is also occasionally a little manganese and zinc in the ores, the latter 
sometimes appearing in the matte. About 45 per cent of the ore treated consists 
of concentrates in briquetted fonn. The average ore and concentmtes treated 
in the smelter contain alx>ut 11 per cent of copper. 
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The matte has the following average composition: 

Average composition of matte from Detroit Copper Company* s smelters. 

Per cent. 

Cu 55.6 

Fe 20.4 

S 22.6 

Pb None. 

Bi None. 

Ni None. 

Zn 11 

Sb 02- 

As 016 

Se, Te 013 

Insoluble 9 

99.659 
The flue dust has also been analyzed and is composed as follows: 

Average composition of fiue dust from Detroit Copper Company* s smelters. 

Per cent. 

Cu 10.2 

Fe 30.7 

AlA 14.9 

CaO 2.3 

MgO 6 

Ni None. 

Zn 35 

Pb 3 

As 025 

Sb 032 

Se, Te 0125 

S 5.4 

SiO, 27.6 

SO, 1.83 

C 5.94 

In the converters the copper matte is reduced to metallic copper about 99 
to 99. S pure. From the converters it is tapped into molds forming ingots weigh- 
ing 285 pounds. 

It is an interesting fact that gold and silver are practicall}' absent from the 
ores, only traces being present. Even in the Bessemer copper there is so little 
silver that it would not ordinarily pay for further separation. 
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It will be noted that of other metals there are only minute traces of lead, 
zinc, antimony, and arsenic. 

An interesting further fact is that minute quantities of selenium and tellurium 
occur in the matte as well as in the copper and in the flue dust. 

It is proposed to replace the present furnaces by new ones of far greater 
capacity. The proposed furnaces would have 40 tuyeres of 4^ inches diameter 
and have an area of 42 inches bv 22 feet at the tuyeres. The distance from 
tuyeres to feed floor is to be 12 feet, and the forehearth 15 feet in diameter. 
One of these furnaces was completed in 1904 and is the largest ever employed 
in copper smelting. 

The favorable composition of the ores renders no other flux but limestone 
necessary, and fortunately this material is obtained in the immediate vicinity. 
A large quarry has been opened at the southwest side of the smelter, onh^ a few 
hundred feet distant. The rock quarried consists of an almost pure, rather 
crystalline limestone of lower Carboniferous age; it contains 94 per cent of 
calcic carbonate. The iron ores (magnetite and limonite) occasionally needed are 
supplied by the mines of the company. 

Silica for converter lining is obtained from a large body of quartzite in the 
North Star tunnel, and kaolin, which is mixed with this, is obtained in an almost 
pure state from the East Yankie mine. 

ARIZONA COPPER COMPANY. 

HISTORY AND LOCATION. 

The Arizona Copper Company is chiefly controlled by Scotch capital. Its 
capitalization is $3,515,0<K), in shares of $5 par value. 

The company in 1882 purchased the holdings of Lezinsky Brothers at Long- 
fellow and at Metcalf, and since that time has steadily developed its properties 
and extended its plants, until at the present time it is the greatest producer in 
the Clifton district and one of the largest in Arizona. The property' was bought 
shortly before the great discoveries were made at Butte, Mont., at a time when 
copper brought 2U cents per pound. A niilroad had to be built at great exj^ense 
from Lordsburg to the niine^. All these advei'se influences caused the company 
many difficulties, which, however, were gradually overcome, largely by the able 
efforts of the manager, Mr. Jame.s Cohjuhoun. A few years ago the company 
began paying dividends, and is now in a prosperous condition. Dividends have 
been paid from 1896 up to the present time — in all, aggregating $3,900,000. 

The principal mines of the comiMiny are located at Morenci, or Ix)ngfellow, 
as the place was fornuM-ly called, and at Mc^tcalf, a few miles above Clifton, on 
Chase Creek. At Longfellow and Mornici the company owns a great many 
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claims curiously interlocking with those of the Detroit Copper Company. At 
Metcalf the company owns something like 40 claims. On the hills between 
Metcalf and Morenci it also owns a number of properties, which, however, it 
does not work at the present time. The remainder of the holdings of the Arizona 
Copper Company are located on Garfield Gulch and on the headwaters of King 
Gulch. On Garfield Gulch are located the producing claims Mammoth and Bruns- 
wick, while on the head of King Gulch are situated the lolanthe, Dead Pine, and 
others, which have also produced considerable amounts of copper. 

The smelting works of the company are locat<»d in the town of Clifton, at 
the junction of Chase Creek and San Francisco River. Clifton is connected with 
Lordsburg, on the main Southern Pacific line, by a broad-gage railroad, about 
100 miles in length. This is owned by the Arizona and New Mexico Railroad 
Company, which is closely connected with the Arizona Copper Company. From 
Clifton a 36-inch-gage railroad extends up Chase Creek to Morenci, from which 
it is continued to Metcalf by a 20-inch-gage railroad, originally built some thirty 
years ago by Lezinsk}^ Brothers, the pioneer operators of the district. 

At the present time it is proposed to replace the 20-inch-gage i*ailroad from 
Longfellow to Metcalf by a 36- inch gage. The distance to Metcalf is 6i miles 
from Clifton and to Morenci about 4 miles. 

MINING. 

The mining operations of the Arizona Copper Company are scattered over a 
considerable territory. At Morenci the company owns several mines. Two of 
these — the Longfellow and the Detroit — are working oxidized copper ores con- 
tained in limestones, and these ore bodies are nearly exhausted. The largest 
tonnage of ore at Morenci is derived from the Humboldt mine, situated in the 
center of the town. This mine is developed by means of tunnels and a 400-foot 
shaft. A narrow-gage railroad connects the mine with the concentrator, which 
is situated on the bluffs overhanging Chase Creek, not far from the Longfellow 
mine. From a point near the Longfellow mine an incline, descending about 800 
feet in a total distance of about 2,200 feet, connects the mines and the concen- 
trator with the narrow-gage railroad running along the bottom of Chase Creek. 

The mining operations and methods of exploitation of the Arizona Copper 
Compan}' are pi*actically the same as those of the Detroit Copper Company, as 
both companies work under similar conditions. 

The principal mines of the Arizona Copper Company at Metcalf are situated 
on Shannon Mountain, about 500 feet above Chase Creek, on the point between 
that stream and King Gulch. The different levels of the mine are connected 
with the railroad by means of two inclines, the longer one descending 500 feet 
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Tb^ or#r«i f r^jm the minen on Shannon Moontain* Kiii^ HilL and at Coronado 
4fulrti zr^ trmn^Hfrtei to the smelter at Clifton by meaik^ of the «T<teiii of timm- 
wiy^ arid inclines expbiined above. 

CONCENTRATING. 

Tli^ krjfer part of the ore requires concentration before it can be smelted. 
All of tb#f minc^H produce a certain amount of richer ore, which i* rougrbly sorted 
at tb#f mine, and which goes direct to the smelter. The larger part of the 
rriaU'rfaL however, which contains from 3 to 5 j^er cent of copper, must first be 
jiijbj<'H<*d U) concentration. The concentrating plants of the Arizona Copper 
(UfUi\Muy are extensive, and are, roughly speaking, built in five units, each one 
'-ajmble of handling from 200 to -lO^) tons of ore. The ix>m*entrating ore from the 
flumlKildt mine at Morenci" is treated at the conct^ntrator loi-ated near the Long- 
fi'lKiw mine, the capacity of which is 1*,(HH> tons j>er month, or :^ni tons per dav- 
'I'he iieceHsary water is piped through a 4-mile line from San Francisco River, and 
piim(MKl against a head of 1,0<M) feet by three gas engines, aggregating 120 hoi-se- 
jKiw<*r. From 150 to IHO gallons a minute of fivsh water is used, the low 
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consumption being made possible by an extensive use of settling tanks. The 
concentrator is driven bj' a Corliss engine, now being changed to three Crossley 
gas engines. The ore is stated to be concentrated in the proportion of approxi- 
mately 5 to 1. The scheme of the concenti'ation is as follows: 



Ore bins 



Rock breaker 
(to li inch) 



Rough rolls 



Oversize 

J 

Rolls 



1} inches, 



2 Trommels by elevator 
i inch, i inch, J inch, 




Slimes 



18 vanners 



Concentrates 



Concentrates 



Overflow 



Tailings 



2 Huntington mills (2 and 2^ mm. screens) 



Slimes 



Hydraulic classifier 



18 vanners 



Vanners 




Concentrates Tailings 



Huntington mill 
(1 and 1} mm. screens) 



The remaining four sections of the concentrating plant are all located at Clifton, 
and are built on the following plan: 1 Blake crusher; 2 Cornish rolls; 2 revolving 
screens, each making 4 sizes; 8 jigs; 2 Huntington mills, No. 5; 18 Frue vanners, 
and 2 Wilfley tables for slime treatment. All tailings are treated in Huntington 
mills, each of which crushes at least 100 tons of tailings per twenty-four hours. 

The ores from Metcalf present an interesting problem, inasmuch as they 
largely consist of decomposed porphyry with malachite and a little chalcocite. It 
has been found possible to treat these ores by concentration in connection with 
lixiviation by means of sulphuric acid. The section of the concentmting plant 
devoted to this ore ha.s a capacity of 250 tons, and is equipped with 1 crusher, 
2 coarse rolls, 2 sizing screens, and 8 jigs. There are no tables. The richest 
concentrates constitute smelting ore; the poorer grade is transferred to the 
lixiviation process, and the tailings are considered as waste. 
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In ftit, 44:;5.«55 t/m« of r-opp#^r ore iren* iTfatUfiiL of viiieh oolj :thoat '^ per 
(fnU or Z^p^(f(i^f foriM, werf* HrMt'f:bMr4 ore. The ftvenm^e yield of copper ore:* cremted 
wa« /J,:;^ per #ent, the fir4t-cia.<i4H ores* yielded an arenige of 1±J> per«*^nt. and the 
f'oncenfratjnjf ore;^ 2Jpfp per cent. From 4*>7j.»»> toiu* of «!OficenCrmtin|r ore a yield 
fpf fA^>¥ff) U}rtA of crmcentraten wan obtained, indioadnfr a cont^ntratioa of 7 to 1. 
(yl thJM anrKirinf, 1?,ZJHH> ton.^, or about *^> per cent, t^ame from the Meti^f mioe^ 
indi^nfin^ an otjtpiit of about 'if/) toas a day, while the remainder was obtained 
from the IIam^ir>ldt and Yavapai minen at Morenci. this ore bein^ probably of 
.<ir>mewhat higher i^rade than that from Metcatf. 

In 1^)2 the output was tL^ follows: 

(hUpnU of Arizona Cffpper Cfumpnnt^M mima in l^/Oti. 

Totw pcrnuxtch. 
Finit vXwm ( FInrn>¥>ldt mine ) 3^ 500 

Hffcond vXsam (Homboldt mine) 2»,»S00 

Fin«t clanH ( Metcalf mine ) ^30 

He^'ond cla«« (MeUalf mine) 9,000 

in XWYA the Hulphuric-acid plant treated about 4i«> toa^ of pyrite per month 
from the Joy mine at Morenci and produced 3,471 tons of sul[^uric acid. The 
lea<;hin^ plant, utilizing thin acid, treated 75,300 tons of tailings from the Metcalf, 
and prcKJuced 2,982,0(X) pounds of copper and 120 tons of bluestone. 

The first-class ore yielded 4,245 tons and the concentrating ore 10,270 tons 
of copper. 

The pay roll amounted to $1,500,000 a year, and about 2,000 men were 
employed. 

The output of the Arizona Copper Company for April, 1904, is reported as 
1,173 short tons of Bessemer copper. 

8HAl<rN^ON COPPER COMPAXY. 

The Shannon Copper Company, with a capital stock of $3,000,000, is of 
recent organization, the developments having been begun in 1900. Previously 
the company owned only one important claim, namely, the Shannon, but at that 
time acijuired some adjacent ground, necessar}' to their operations, by purchase 
from the Arizona Copper Company. The property forms a compact body of 
about 25 claims, loc4ited near the summit of Shannon Mountain, which rises 1,200 
feet alH)VO Chase Oeek at Metcalf. 

The recent development work has proved the existence of several ore bodies 
of large size, most of which are worked by underground stoping and the usual 
processes of sijuare setting and filling. The outlet for the ore is furnished by 
means of an incline, descending to Chase Creek, one-half mile north of Metcalf, 
and having a total drop of 800 feet in a horizontal distance of 1,000 feet. At 
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Chase Creek the ore is loaded into the cars of the Coronado Railroad Company, 
and transported 7 miles by rail to the Shannon smelter, which is located on 
the west bank of San Francisco River, 1 mile south of Clifton. This smelter 
was completed and blown in in May, 1902, and for some time kept running on 
high-grade ore obtained without concentmtion. In a short time, however, the 
necessity for a concentrator became apparent, and such a plant, with a capacity 
of 400 tons, is now erected on the hillside above the smelter. 

The smelter, which is a thoroughly modern plant, consists of two furnaces, 
with a capacity of 300 tons of charge per twenty-four hours. The size at the 
tuyeres is 44 by 170 inches, or an area of 62 square feet. The jackets are 13 
feet high, and 4 charge spaces are provided on the feed floor. The crucible below 
the tuyeres is 26 inches deep. It will be seen that these furnaces are the largest at 
present operated in the Clifton district, with the exception of the Detroit furnace, 
completed in 1904. The present capacity is reported to be about 500 tons of 
copper per month. During 1902, 2,340,000 pounds of copper were produced by 
direct smelting from ores, without concentration. In 1903 the output was 
6,588,232 pounds, with every prospect of some increase during 1904. In Feb- 
ruary, 1905, a production of 344 tons is reported. 

CONCENTRATING AND SMEIiTING. 

It will be observed that the substitution of aluminous chalcocite ores in 
porphj^ry for the older, easily reduced carbonate and oxide ores in limestone has 
caused many changes in the processes of reduction. The Shannon Company 
alone has as yet large bodies of oxidized ores rich in iron. The method of 
treatment of the porphyry ores is in general to sort by hand as far as possible, 
then concentrate and smelt in cupolas with the addition of limestone and such 
oxidized ore as may be available. The concentration of the ores is difficult on 
account of the soft character of the copper glance, which causes rich slimes. To 
avoid excessive losses successively finer crushing is used, and the grade of con- 
centrates is held rather low. They average perhaps 15 per cent copper. The 
ores are very soft and the capacity of the crushing machines is correspondingly 
great, which tends to cheapen the process. Considerable loss of copper is 
unavoidable and may range up to 25 or 30 per cent. Including losses in smelting, 
I should think it probable that the amount of copper recovered is 70 per cent of 
the assay value. 

In smelting, the large percentage of chalcocite obviates the necessity for 
roasting. Much limestone flux is needed on account of the abundant alumina. 

Regarding the tenor of the ore it is probable that the Arizona Copper 
Company at present works the lowest-grade ores in the district. The percentage 
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In all, 442,855 tons of copper ore wen* treated, of which only about 8 per 
cent, or 80,(MH) tons, were lirst-class ore. The averajje 3'ield of copper ores treated 
was 3.28 per cent, the lirst-class ores yielded an avemge of 12.5 i)er cent, and the 
concentrating ores 2.55 percent. From 4o7.(MK) tons of concentrating ore a yield 
of 56,800 tons of concentrates was obtained, indicating a con(*entration of 7 to 1. 
Of this amount 183,000 tons, or alx>ut 30 per cent, came from the Metcalf mines, 
indicating an output of about 350 tons a ilay, while the remainder was obtained 
from the HumlK)ldt and Yavapai mines at Morenci, this ore being probabh' of 
somewhat higher grade than that from Metcalf. 

In 1902 the output was as follows: 

Output of Arizona ('opfter Comjuiuff^n mines in 190;i, 

Ton^ per month. 
First ola«j (Humboldt mine) 3,500 

Set^ond dass (Humboldt inim*) 28,600 

Fin*t class ( Metailf miiu* ) 920 

Set-ond rlagn ( Met(»alf mine) 9, 000 

in 1903 the sulphuric-acid plant treated about 420 tons of pyrite per month 
from the Joy mine at Morenci and produced 3,471 tons of sulphuric acid. The 
leaching plant, utilizing this acid, treated 75,3CK) tons of tailings from the Metcalf, 
and produced 2,982,000 pounds of copper and 120 tons of bluestone. 

The first-class ore yielded 4,245 tons and the concentrating ore 10,270 tons 
of copper. 

The pa}' roll amounted to $1,50<J,000 a year, and about 2,000 men were 
employed. 

The output of the Arizona Copper Company for April, 1904, is reported as 
1,173 short tons of Bessemer copp<»r. 

8IIAXXOX C OPPKH COMPANY. 

The Shannon CoppiM- Company, with a capital stock of $3,000,000, is of 
recent organization, the developments having been begun in 1900. Previously 
the company owned only one important claim, namely, the Shannon, but at that 
time acquired some adjacent ground, necessary to their opemtions, by purchase 
from the Arizona Copp<M' Company. The prop<»rty forms a compact body of 
about 25 claims, locate<l near the summit of Shannon Mountain, which rises 1,200 
feet al>ove Cha-^e Creek at Metcalf. 

The recent developm(Mit work has proved the existence of several ore bodiefl 
of large size, most of which are worktMl hy underground stoping and the ua™ 
processes of scjuare setting and tilling. The outlet for the ore is farnkiMd \fj 
means of an incline, descending to (^hase Creek, one-half mile north of ] 
and having a total dro]) of SOO f(»et in a horizontal distance of 1,000 
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han gradually decreased, giving evidence of the effect of lai^-scale mining and 
general economy in the treatment. The Metcalf ores are probably of slightly 
lower grade than the average. 

Ah to the actual cost of mining and smelting no data are a\'ailable for pub- 
lication. The reports of the Arizona Copper Company do not contain figures 
from which these costs can be safely deduced 



PRODUCTION OF COPPER. 

Concerning the production of early days we have little reliable information. 
Previou.sly to 1882 the Lezinsky Brothers are believed to have produced about 
20,000,000 pounds of copper, very little having been derived from other sources. 

The following statistics are available: 

Copper production of two principal Clifton copper rompanief^ the total produciion of Arizona^ and the 

production of the United Slate$. 



Year. 



I Arizona Copper 
Company. 



Pound*. 



Detroit Copper 
Company. 



Pimnd*. 



TotM\ of Arl»na. '^^^'^gSftS*''*^ 



1S80. 

1881. 

1882. 

ISSS 

1884. 

1885. 

1886. 

1887, 

1888. 

1889. 

1890. 

1891. 

1892. 



1893. 



1894. 

1895. 

1896. 

1897 

1898. 

1899. 

1900. 

1901. 

1902. 

190:^ 



3,539,556 

6, 772, 239 

5, 513, 549 

5, 539, 771 

6, 833, 528 

6, 787, 201 

5,164,906 

5, 673, 61 1 

5, 893, 533 

7,871,819 

9, 935, 812 

11,308,910 

13, 042, 000 

13,727,911 

18,169,096 

19, 072, 709 

19,697,086 

20, oa'S. 800 

30, 821 , 842 

:W, 228, 000 



1.442,935 
2, 819, 530 
2. 749, 997 

2,110,690 

4,175.717 

5, 235, 797 

4, 875, 696 

4, 906, 704 

4, 194, 672 

1,918,594 

4, 942, 728 

5, 577. 744 

3,790,128 

7,016,348 

8, 4a\ 138 

11,428,992 

13,906,253 

10, 749, 258 

17.535,000 

18,721,411 

16,558.232 



"2,000,000 

"5.000,000 

17,984,415 ; 

23, 874, 963 

26, 734, ,345 

22, 706, 366 

15.657.035 ! 

17.720,462 

31,797,300 

31,586,185 

34, 796, 689 

39, 873, 279 

38. 436, 099 

43, 902, 824 

44,514,894 

47, a53. 553 

72, 934. 927 

81,530,7:^5 

111,158.246 

i:«,a54.860 

118,317,764 

1.30.778,611 

147.648.271 



Lomgttms. 

27,000 

32,000 

40,467 

51,574 

64,706 

74.(^2 

70,430 

81,017 

101,054 

101,239 

115,966 

126,839 

154,018 

147, a33 

158,120 

169,917 

205,384 

220,571 

235,050 

253, 870 

270,588 

268,782 

294,423 

311,627 
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The production of the Arizona Copper Company and that of the Detroit Copper 
Company have been taken from Mineral Industry, published b}^ the Engineering 
and Mining Journal, while the last two columns have been compiled from Mineral 
Resources of the United States, published by the United States Geological Survey. 

The three most important producing districts in Arizona are the Clifton, 
Bisbee, and United Verde. From 1895 to 1901 the United Verde led in produc- 
tion, the maximum of 44,000,000 pounds being attained in 1899. Bisbee was not 
far behind, the Copper Queen mine contributing practically the whole output. 
Clifton followed closely after Bisbee. The maxinmm output at Bisbee was obtained 
in 1901, in which year the former sequence was reversed, Bisbee leading with 
39,800,000 pounds, followed by Clifton with 38,000,000 pounds and United Verde 
with 34,500,000. In 1902 Clifton obtained the lead, the production rising to 
49,500,000 pounds. In 1903, however, Bisbee increased its output to 62,500,000 
pounds, due to the appearance of a new and important producing company, the 
Calumet and Arizona, while Clifton followed with 53,400,000 pounds and United 
Verde yielded 23,800,000 pounds. 

The production of Arizona is at present a little more than one-fifth of the total 
production of the United States, the percentage having varied from 9.7 in 1887 to 
23.4 in 1899. 

According to statistics the mines of the Arizona Copper Company have pro- 
duced since discovery about 123,000 and those of the Detroit Copper Companj^ 
78,600 short tons, making a total of about 201,600 short tons of copper, an amount 
equal to a cube of copper with a side of about 90.5 feet. At an average price of 15 
cents per pound this would represent a value of $60,500,000. 

VAIiUE OF COPPER. 



Highest and lowest prices of Ixike Superior ingot copper^ by years^ from 1860 to 1903.^ 

[Cents per pound.] 



Year. 



1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 



Highest. 


Lowest. 


24 


19i 


27 


17i 


m 


20} 


88J 


29 


55 


39 


50J 


28 


42 


26i 


291 


2li 


24i 


21J ! 



1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 



Year. 



Highest. 



261 
238 ! 
27 
44 

:i5 

25 
23i 
23t 
20} 



rt From Mineral Resources U. S. for ia03. U. S. Geol. Survey, 1904. p. 232. 
16859— No. 43—05 4 



Lowest. 



21i 
19 

2U 

27i 

21 

19 

21} 

18J 

17} 
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SMELTING. 

The smelter of the Detroit Copper Company is situated immediately below 
the town, at a conveniently lower elevation than the mines and the concentrator. 
It consists of 4 blast furnaces with forehearths and 18 tuyeres, and 1 newer furnac^e 
of the same size built separately from the rest. In these furnaces the ore is 
reduced to a high-grade matte, which is immediately conducted from the forehearths 
into 3 converters of the Bisbee or Leghorn type. The height of the 4 older 
furnaces is 6 feet from the tuyeres to the charging floor, and the area at the 
tuyeres 42 inches by 12 feet. The capacity is 130 tons of charge per twenty- 
four hours. The new furnace is similar to the old except in having a more pro- 
nounced bosh, and a height of 14 feet and 10 inches from tuyeres to charging floor. 
The capacity is also greater, amounting to 170 tons of total charge per twenty- 
four houi*s. 

The ores consist of a mixture of chalcocite and pyrite and oxidized ores 
that can conveniently be smelted without preliminarj^ roasting. Great variations 
are shown in the composition of the ores. The following analyses may serve as 
samples: 

Analyses of ores from Detroit Copper Company* s mines, Morenci, Ariz. 



SiO,.. 
Fe... 

AlA 
CaO.. 

MgO. 

Cu... 

S .... 







Ryerson mine. 






Manganese 
Blue mine. 

Carbonate 
ore. 

44.6 


Sorted 
sulphiden. 


Screenings from con- 
centrated ore. 


Smelting 
sulphidefi. 


Slimes 
from con- 
centrator. 


Fine con- 
centrates. 


24.5 


45.0 


49.8 


34.5 


66.9 


26.0 


20.9 


16.5 


9.6 


16.4 


1.4 


23.7 


13.2 


10.6 


10.0 


20.1 


21.2 


24.5 


6.2 


17.7 


Trace. 


.5 


.3 


.5 


4.3 


Trace. 


5.5 


Trace. 


.2 


.5 


Trace. 




Trace. 


3.1 


19.9 


7.7 


7.0 


5.8 


2.1 


16.0 


5.7 


23.8 


17.7 


11.0 


19.5 




25.0 







Montezu* 
ma mine. 



Oxide 
ore. 



34.3 

12.4 

15.7 

8.2 

3.3 



There is also occasionally a little manganese and zinc in the ores, the latter 
sometimes appearing in the matte. About 45 per cent of the ore treated consists 
of concentrates in briquetted form. The average ore and concentmtes treated 
in the smelter contain about 11 per cent of copper. 
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The matte has the following average composition: 

Average comjxmtion of matte from Detroit Copper Company* 8 smelters. 

Per cent. 

Cu 55.6 

Fe 20.4 

8 22.6 

Pb None. 

Bi None. 

Ni None. 

Zn 11 

Sb 02- 

As 016 

Se, Te 013 

Insoluble 9 

99.659 

The flue dust has also been analyzed and is composed as follows: 

Average composition of flue dtist from Detroit Copper Company* s smelters. 

Per cent. 

Cu 10.2 

Fe 30.7 

AlA 14.9 

CaO 2.3 

MgO 6 

Ni None. 

Zn 35 

Pb 3 

As 025 

Sb 032 

Se, Te 0125 

S 5.4 

SiO, 27.6 

SO, i.s:^ 

C 5.94 

In the converters the copper matte is reduced to metallic copper al)out 99 
to 99.8 pure. From the converters it is tapped into molds forming ingots weigh- 
ing 285 pounds. 

It is an interesting fact that gold and silver are practically absent from the 
ores, only traces being present. Even in the Bessemer copper there is so little 
silver that it would not ordinarih^ pay for further separation. 
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It will ^le noted that of other metaln there are only minute traces of lead^ 
zimr. antimonv. and arsenic. 

An interef^ting further fact in that minute quantities of selenium and tellurium 
occur in the matte a^^ well as in the copper and in the flue dust. 

It is proposed to replace the present furnaces by new ones of far greater 
(rapacity. The proposed furnaces would have 40 tu^^eres of 4^ inches diameter 
and have an area of 42 inches bv 22 feet at the tuveres. The distance from 
tuyeres to feed floor is to l>e 12 feet, and the forehearth 15 feet in diameter. 
One of these furnaces was completed in 1904 and is the largest ever employed 
in cop]:>er smelting. 

The favorable composition of the ores renders no other flux but limestone 
necessary, and fortunately this material is obtained in the immediate vicinity. 
A large quarry has been opened at the southwest side of the smelter, only a few 
hundred feet distant. The rock quarried consists of an almost pure, rather 
crystalline limestone of lower Carboniferous age: it contains 94 per cent of 
calcic carbonate. The iron ores (magnetite and limonite) occasionally needed are 
supplied by the mines of the company. 

Silica for converter lining is obtained from a large body of quartzite in the 
North Star tunnel, and kaolin, which is mixed with this, is obtained in an almost 
pure state from the East Yankie mine. 

ARIZONA COPPER COMPANY. 

HISTORY AND LOCATION. 

The Arizona Copper Company is chiefly controlled bj^ Scotch capital. Itj^ 
capitalization is $3,515,000, in shares of $5 par value. 

The company in 1882 purchased the holdings of Lezinsk}" Brothers at Long- 
fellow and at Metcalf, and since that time has steadily developed its properties 
and extended its plants, until at the present time it is the greatest producer in 
the Clifton district and one of the largest in Arizona. The property was bought 
shortly before the great discoveries were made at Butte, Mont., at a time when 
copper brought 2(1 cents per pound. A railroad had to 1x5 built at great expense 
from Lordsburg to the mines. All these adverse influences caused the company 
many diflBculties, which, however, were gradually overcome, largely by the able 
efforts of the manager, Mr. James Colcjuhoun. A few years ago the company 
began pa3nng dividends, and is now in a prosperous condition. Dividends have 
been paid from 18i)G up to the present time — in all, aggregating $3,900,000. 

The principal mines of the company are located at Morenci, or Longfellow, 
as the pla(!e was formerly called, and at Metcalf, a few miles above Clifton, on 
Chase Creek. At Ijongfellow and Morenci the company owns u great many 
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claims curiously interlocking with those of the Detroit Copper Company. At 
Metcalf the company owns something like 40 claims. On the hills between 
Metcalf and Morenci it also owns a number of properties, which, however, it 
does not work at the present time. The remainder of the holdings of the Arizona 
Copper Company are loc^ated on Garfield Gulch and on the headwaters of King 
Gulch. On Garfield Gulch are located the producing claims Mammoth and Bruns- 
wick, while on the head of King Gulch are situated the lolanthe, Dead Pine, and 
others, which have also produced considerable amounts of copper. 

The smelting works of the company are located in the town of Clifton, at 
the junction of Chase Creek and San Francisco River. Clifton is connected with 
Lordsburg, on the main Southern Pacific line, by a broad-gage railroad, about 
100 miles in length. This is owned by the Arizona and New Mexico Railroad 
Company, which is closely connected with the Arizona Copper Company'. From 
Clifton a 36-inch-gage milroad extends up Chase Creek to Morenci, from which 
it is continued to Metcalf by a 20-inch-gage railroad, originally built some thirty 
years ago by Lezinsk}^ Brothers, the pioneer operators of the district. 

At the present time it is proposed to replace the 20-inch-gage railroad from 
Longfellow to Metcalf by a 36- inch gage. The distance to Metcalf is 6i miles 
from Clifton and to Morenci about 4 miles. 

MINING. 

The mining operations of the Arizona Copper Company are scattered over a 
considerable territorj-. At Morenci the company owns several mines. Two of 
these — the Longfellow and the Detroit — are working oxidized copper ores con- 
tained in limestones, and these ore bodies are nearly exhausted. The largest 
tonnage of ore at Morenci is derived from the Humboldt mine, situated in the 
center of the town. This mine is developed by means of tunnels and a 400-foot 
shaft. A narrow-gage railroad connects the mine with the concentrator, which 
is situated on the bluflfs overhanging Chase Creek, not far from the Longfellow 
mine. From a point near the Longfellow^ mine an incline, descending about 800 
feet in a total distance of about 2,200 feet, connects the mines and the concen- 
trator with the narrow-gage railroad running along the bottom of Chase Creek. 

The mining operations and methods of exploitation of the Arizona Copj^er 
Company are piuctically the same as those of the Detroit Copper Company, as 
both companies work under similar conditions. 

The principal mines of the Arizona Copper Companj^ at Metcalf are situated 
on Shannon Moimtain, about 500 feet above Chase Creek, on the point between 
that stream and King Gulch. The different levels of the mine are connected 
with the railroad by means of two inclines, the longer one descending 500 feet 
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in a horizontal distance of 1,000 feet. Tiie mines at Metcalf are working large 
bodies of low-grade copper ores. There are some underground workings, these 
being mined in the usual way by means of square sets and filling. The larger 
part of the ore is, however, derived from open cute, after the removal of the 
first 20 or 30 feet of barren material. Instead of the several open cuts at 
different levels now being worked, the company contemplates carrying a large 
open cut through the hill. The handling of the ore and the waste is to be 
facilitated by steam shovels and a self-acting incline, dumping the refuse in King 
Gulch. 

On the south side of King Gulch are located the King and Jameson mines, 
which again are connected with the lower Metcalf incline by means of a long 
tunnel through Shannon Mountain and another incline extending high up on the 
slope south of King Gulch. 

The narrow-gage road is extended from Metcalf about one-half mile west- 
ward up to Coronado Gulch, connecting there with an incline 3,200 feet long and 
sloping about 32^, which leads to the level of a tramway 1 mile long, which ends 
at the Coronado mine high up on the divide between San Francisco River and 
Eagle Creek. At this place the Arizona Copper Company operates the Coronado 
vein, exploiting it by means of tunnels, shafts, and one open cut. The latter is 
located about a mile from the main mine, in Horseshoe Gulch, and is connected 
with the mines by means of an aerial tramway. 

The ores from the mines on Shannon Mountain, King Hill, and at Coronado 
Gulch are transported to the smelter at Clifton by means of the system of tram- 
ways and inclines explained above. 

CONCENTRATING. 

The larger part of the ore requires concentration before it can be smelted. 
All of the mines produce a certain amount of richer ore, which is roughly sorted 
at the mine, and which goes direct to the smelter. The larger part of the 
material, however, which contains from 3 to 5 per cent of copper, must first be 
subjected to concentration. The concentrating plants of the Arizona Copper 
Company are extensive, and are, roughly speaking, built in five units, each one 
capable of handling from 200 to 400 tons of ore. The concentrating ore from the 
Humboldt mine at Morenci ^ is treated at the concentrator located near the Long- 
fellow mine, the capacity of which is 9,000 tons per month, or 300 tons per day. 
The necessary water is piped through a i-mile line from San Francisco River, and 
pumped against a head of l,6i)0 feet by three gas engines, aggregating 120 horse- 
power. From 150 to 180 gallons a minute of fresh water is used, the low 



"The Hubject of concentration at Morenci was lately diwuswd by Mr. F. H. I*robert in the EnKineerinj? and Mining 
Journal. June 29 and July r». 1895. 
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consumption being made possible by an extensive use of settling tanks. The 
concentrator is driven b}' a Corliss engine, now being changed to three Crossley 
gas engines. The ore is stated to be concentrated in the proportion of approxi- 
mately 5 to 1. The scheme of the concentration is as follows: 

Ore bins 

Rock breaker 
(to IJ inch) 

Rough rolls 



Oversize 

J 

Rolls 



1} incheH, 



2 Trommels by elevator 
i inch, i inch, } inch, 




8 jigs 



Slimes 

I 

! 
18 vanners 




Concentrates 



Concentrates 



Overflow 



Tailings 



2 Huntington mills (2 and 2} mm. screens) 



Slimes 



Hydraulic classifier 



18 vanners 



Vanners 




Concentrates Tailings 



Huntington mill 
(1 and 1} mm. screens) 



The remaining four sections of the concentrating plant are all located at Clifton, 
and are built on the following plan: 1 Blake crusher; 2 Cornish rolls; 2 revolving 
screens, each making 4 sizes; 8 jigs; 2 Huntington mills, No. 5; 18 Frue vanners, 
and 2 Wilfley tables for slime treatment. All tailings are treated in Huntington 
mills, each of which crushes at least 100 tons of tailings per twenty-four hours. 

The ores from Metcalf present an interesting problem, inasmuch as they 
largely consist of decomposed porphyry with malachite and a little chalcocite. It 
has been found possible to treat these ores by concentration in connection with 
lixiviation by means of sulphuric acid. The section of the concentmting plant 
devoted to this ore ha.s a capacit}' of 250 tons, and is equipped with 1 crusher, 
2 coarse rolls, 2 sizing screens, and 8 jigs. There are no tables. The richest 
concentrates constitute smelting ore; the poorer grade is transferred to the 
lixiviation process, and the tailings are considered as waste. 



46 COPPER DEPOSITS OF CLIFTON-MOBENCI DISTRICT, ARIZONA. 

m 

In all, 442,855 tons of copper ore were treated, of which only about 8 per 
cent, or 30,00<) tons, were lirst-class ore. The average yield of copper ores treated 
was 3.28 per cent, the tirst-class ores yielded an average of 12.5 per cent, and the 
concentrating ores 2.55 per cent. From 407,0(X> tons of concentrating ore a yield 
of 56,800 tons of concentrates was obtained, indicating a concentration of 7 to 1. 
Of this amount 133,000 tons, or about 30 per cent, came from the Metcalf mines, 
indicating an output of about 350 tons a day, while the remainder was obtained 
from the Humboldt and Yavapai mines at Morenci, this ore being probably of 
somewhat higher grade than that from Metcalf. 

In 1902 the output was as follows: 

Output of Arizona Copper Company* » mines in 190:^. 

Tons per month. 
First class (Humboldt mine) 3,600 

Second class (Humboldt mine) 28, 600 

First class (Metcalf mine) 920 

Second class (MeU-alf mine) 9, 000 

in 1903 the sulphuric-acid plant treated about 420 tons of pyrite per month 
from the Joy mine at Morenci and produced 3,471 tons of sulphuric acid. The 
leaching plant, utilizing this acid, treated 75,300 tons of tailings from the Metcalf, 
and produced 2,982,000 pounds of copper and 120 tons of bluestone. 

The first-class ore yielded 4,245 tons and the concentrating ore 10,270 tons 
of copper. 

The pay roll amounted to $1,500,000 a year, and about 2,000 men were 
employed. 

The output of the Arizona Copper Company for April, 1904, is reported as 
1,173 short tons of Bessemer copper. 

SHANNON COPPER COMPANY. 

The Shannon Copper Company, with a capital stock of $3,000,000, is of 
recent organization, the developments having been begun in 1900. Previously 
the company owned only one important claim, namely, the Shannon, but at that 
time acquired some adjacent ground, necessary to their opei'ations, by purchase 
from the Arizona Copper Company. The property forms a compact body of 
about 25 claims, located near the summit of Shannon Mountain, which rises 1,200 
feet above Chase Creek at Met^^-alf. 

The recent development work has proved the existence of several ore bodies 
of large size, most of which are worked by underground stoping and the usual 
processes of square setting and filling. The outlet for the ore is furnished by 
means of an incline, descending to Chase Creek, one-half mile north of Metcalf, 
and having a total drop of 800 feet in a horizontal distance of 1,000 feet. At 
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Chase Creek the ore is loaded into the cars of the Coronado Railroad Company, 
and transported 7 miles by mil to the Shannon smelter, which is located on 
the west bank of San Francisco River, 1 mile south of Clifton. This smelter 
was completed and blown in in May, 1902, and for some time kept running on 
high-grade ore obtained without concentration. In a short time, however, the 
necessity for a concentrator became apparent, and such a plant, with a capacity 
of 400 tons, is now erected on the hillside above the smelter. 

The smelter, which is a thoroughly modern plant, consists of two furnaces, 
with a capacity of 300 tons of charge per twenty-four hours. The size at the 
tuyeres is 44 by 170 inches, or an area of 62 square feet. The jackets are 13 
feet high, and 4 charge spaces are provided on the feed floor. The crucible below 
the tuyeres is 26 inches deep. It will be seen that these furnaces are the largest at 
present operated in the Clifton district, with the exception of the Detroit furnace, 
completed in 1904. The present capacity is reported to be about 500 tons of 
copper per month. During 1902, 2,340,000 pounds of copper were produced by 
direct smelting from ores, without concentration. In 1903 the output was 
6,588,232 pounds, with every prospect of some increase during 1904. In Feb- 
ruary, 1905, a production of 344 tons is reported. 

CONCENTRATING AND SMEIiTING. 

It will be observed that the substitution of aluminous chalcocite ores in 
porphyry for the older, easily reduced carbonate and oxide ores in limestone has 
caused many changes in the processes of reduction. The Shannon Company 
alone has as yet large bodies of oxidized ores rich in iron. The method of 
treatment of the porphyry ores is in general to sort by hand as far as possible, 
then concentrate and smelt in cupolas with the addition of limestone and such 
oxidized ore as may be available. The concentration of the ores is difficult on 
account of the soft character of the copper glance, which causes rich slimes. To 
avoid excessive losses successively finer crushing is used, and the grade of con- 
centrates is held rather low. They average perhaps 15 per cent copper. The 
ores are very soft and the capacity of the crushing machines is correspondingly 
great, which tends to cheapen the process. Considerable loss of copper is 
unavoidable and may range up to 25 or 30 per cent. Including losses in smelting, 
I should think it probable that the amount of copper recovered is 70 per cent of 

the assav value. 

In smelting, the large percentage of chalcocite obviates the necessity for 
roasting. Much limestone flux is needed on account of the abundant alumina. 

Regarding the tenor of the ore it is probable that the Arizona Copper 
Company at present works the lowest-grade ores in the district. The percentage 
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has gradually decreased, giving evidence of the eflFect of large-scale mining and 
general economy in the treatment. The Metcalf ores are probably of slightly 
lower grade than the average. 

As to the actual cost of mining and smelting no data are available for pub- 
lication. The reports of the Arizona Copper Company do not contain figures 
from which these costs can be safely deduced 



PRODUCTION OF COPPER. 

Concerning the production of early days we have little reliable information. 
Previously to 1882 the Lezinsky Brothers are believed to have produced about 
20,000,000 pounds of copper, very little having been derived from other sources. 

The following statistics are available: 

Copper production of iux) principal Clifton copper companies, the total production of Arizona, and the 

production of the Ignited StcUfs. 



Year. 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 



Arizona Copper 
Company. 



Detroit Copper 
Company. 



Ptmntin. 



3,539 

6,772 

5,513 

5,539 

6,833 

6,787 

5,164 

5, 673 

5, 893 

7,871 

9, 935 

11,308 

13,042 

13, 727 

18, 169 

19,072 

19, 697 

20, 535 

30, H21 

30, 228 



(I l')ll<>«t<.»TiaK1(> 



556 

239 

549 

771 

528 

201 

906 

611 

533 

819 

812 

910 

000 

911 

096 

709 

086 

800 ■ 

842 ' 

000 



Pounds. 



1 
2 
2 

3 

2 

4 

5 

4 

4 

4 

1 

4 

5 

3 

7 

8 

11 

13 

10 

17 

18 

16 



442 
819 
749 
345 
110 
175 
2^5 
875 
906 
194 
918 
942 
577 
790 
016 
4a5 
428 
906 
749 
535 
721 
558 



935 
530 
997 
523 
690 
717 
797 
696 
704 
672 
594 
728 
744 
128 
348 
138 
992 
253 
258 
000 
411 
232 



•IV)tolof Ariaona. Total of United 



SUtes. 



Pottndt. 
«2. 000, 000 
000 
415 
963 
345 
366 
035 
462 
300 
185 
689 
279 
099 
824 
894 
553 
927 
7:^5 
246 
860 
764 
611 
944 
271 



"5, 


V/VfX/, 

000, 


17, 


984, 


23, 


874, 


26, 


734, 


22, 


706, 


15, 


657, 


17, 


720, 


31, 


797, 


31, 


586, 


34, 


796, 


39, 


873, 


38, 


436, 


43, 


902, 


44, 


514, 


47, 


953, 


72, 


934, 


81, 


530, 


111, 


158, 


i:«, 


054, 


118, 


317, 


130, 


778, 


119, 


944, 


147, 


r>48, 



Long tans. 
27.000 



32 

40 

51 

64 

74 

70 

81 

101 

101 

115 

126 

154 

147 

158 

169 

205 

220 

235 

253 

270 

268 

294 

311 



000 
467 
574 
708 
052 
430 
017 
054 
239 
966 
839 
018 

o;« 

120 
917 
384 
571 
050 
870 
588 
782 
423 
627 
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The production of the Arizona Copper Company and that of the Detroit Copper 
Conipan}' have been taken from Mineral Industry, published by the Engineering 
and Mining Journal, while the last two columns have been compiled from Mineral 
Resources of the United States, published by the United States Geological Survey. 

The three most important producing districts in Arizona are the Clifton, 
Bisbee, and United Verde. From 1895 to 1901 the United Verde led in produc- 
tion, the maximum of 44,000,000 pounds being attained in 1899. Bisbee was not 
far behind, the Copper Queen mine contributing practically the whole output. 
Clifton followed closely after Bisbee. The maxinmm output at Bisbee was obtained 
in 1901, in which year the former sequence was reversed, Bisbee leading with 
39,800,000 pounds, followed by Clifton with 38,000,000 pounds and United Verde 
with 34,500,000. In 1902 Clifton obtained the lead, the production rising to 
49,500,000 pounds. In 1903, however, Bisbee increased its output to 62,500,000 
pounds, due to the appearance of a new and important producing company, the 
Calumet and Arizona, while Clifton followed with 53,400,000 pounds and United 
Verde yielded 23,800,000 pounds. 

The production of Arizona is at present a little more than one-fifth of the total 
production of the United States, the percentage having varied from 9.7 in 1887 to 
23.4 in 1899. 

According to statistics the mines of the Arizona Copper Company have pro- 
duced since discovery about 123,000 and those of the Detroit Copper Compan}' 
78,600 short tons, making a total of about 201,600 short tons of copper, an amount 
equal to a cube of copper with a side of about 90.5 feet. At an avemge price of 15 
cents per pound this would represent a value of $60,500,000. 

VALUE OF COPPER. 



Highest and lowest prices of lAike Superior ingot copper y oy years j from 1860 to 190S.<^ 

[Centa per pound.] 



Year. 



1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 



Highest. 


Lowest. 


24 


19i 


27 


17J 


m 


20i 


38J 


29 


55 


39 


50J 


28 


42 


26i 


29J 


21 J 


24i 


21 J 1 



1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 



Year. 



Highest. 


Lowest. 


26i 


21i 


231 


19 


27 


2U 


44 


27 i 


:^5 


21 


25 


19 


23i 


21 J 


23i 


18J 


20J 


17i 



« From Mineral ResourceM U. S. for 1903, U. S. Geol. Survey, 1904. p. 232. 
16859— No. 43—05 i 
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highest and lowest prices of Ijake Superior ingot copper^ by years, from 18S0 to 190,^ — Continued. 



Year. 



Highest. Lowest. 



1878 171 

1879 21i 

1880 25 

1881 201 

1882 20i 

188,S I 18* ' 

1884 ; 15 

1885 ' Hi , 

1886 ■ 12ji 

1887 i 17f 

1888 , \7fy 

1889 ' 171 

1890 , 17i I 



Year. 



Highest. Lowest. 



I 



15i 1891 

151 1892 

181 [ 18«3 

16 1894 

171 1«^ 

14i 1896 

11 1897 

9i ' 1898 

10 : 1899 

I 

m 1900 

15^: 1901 

11 1902 

14 19a3 

II 



15 

121 
12i 

m 

12} 
11} 
12 
12i 

17t 
17 
13} 
16 



10* 
lOJ 

»l 
9 

9* 

9| 
lOf 

lOf** 
13} 

16} 
12J 
lOJ 
12 



CHAPTER II. 

GEXEli^VL GEOLOGY. 

TOPOGRAPHY. 

DRAINAGE. 

The principal stream of the region is San Francisco River, which heads in 
New Mexico, about 100 miles farther north, among MogoUones, Tularosa, Datil, 
and San Francisco ranges, and joins the Gila about 12 miles below Clifton, Ariz. 
About 40 miles north of Clifton it receives an important tributary called Blue 
River, which heads among the basaltic plateaus of the Prieto Range. The quantity 
of water carried by the San Francisco varies considerably, and is subject to very 
sudden increase by heavy freshets. The minimum quantity carried during the 
dry season is approximately a iew hundred miner's inches. At all times it con- 
tains an abundant supply for the towns of Clifton and Morenci, as well as for the 
needs of the smelters located there. The water a few miles north of Clifton is 
of excellent quality, but near that town becomes more saline, due to numerous 
salt springs which discharge their contents into it. Some of these are found 1 
mile north of Clifton; others carrying a large volume of very salt water enter 2 
miles below the town, and at other places. Samples from the dam a short 
distance above Clifton show, according to Mr. J. Colquhoun, the following com- 
position: Sodium chloride, 4.1 to 6.9 grains per gallon; carbonate of lime, 5 to 
5.3 grains per gallon; total salts, 14.05 to 20.3 grains per gallon. Below Clifton 
the increase in salt, chiefly chloride of sodium, becomes very noticeable, the 
Shannon smelter, 1 mile below Clifton, experiencing considerable difficulty in 
securing a supply of sufficiently fresh water. 

Below Clifton San Francisco River flows in a canyon a few hundred feet 
deep, cut in the detrital formations which here cover such great territory (PI. 
Ill, B), Above Clifton it flows in a canj^on of older rocks, somewhat open in 
character and often characterized by a bluflf a few hundred feet high close to the 
river. The canyon is by no means uniform in depth and slope. The presence 
of an older period of erosion is everywhere apparent, and the varying petrographic 
character of the rock greatly complicates the topography along the river. 
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5:i rt»PI'KR DKPoSITS itV rUtTiiX-MnRENCl DISTKICT. ARIZ«>NA. 

Kx«-ppt fttv Blu«* KiviT the Sin Fniin.-Uct> riTiMvi'> few tritiiitarie.s «jf importance. 
Th»* priiiciinii «ni** i^ ChsiM* ('riM*k, \vhi«'h hoH<l^ uiiioiitr the liijrii lava {)oak^ 1^ 
mil**** north-iiorthwf^t of (1ift«»n. aiul r<intiiiiii*> to it** jmirtion with the main 
ri\»T irt a i-aiiy*»ii cut to a depth of ljn»o feet or iiion*. 

Tile n»'Xi important '?ln.*am of the reirjon j^ Kairle CVei'k. which joins the 
<fihi 11 few mill"* U»low th»* mouth of the Siii Fnini'iM-ii. Ka;^le ('n»ek extonds 
from north to M^uth and i** a^Njut 4i> miles lonir. it> Miurce iNMnif amon^ the 
inisiltir; moiiiitiiin^ of the Prieto Plateau. Like the San Fnincisco, it is Yxirdered 
hv iiarrou (lottoni lancl^ alon^ nearly its whole soutli<*rlv <'(»urse, and it flows in 
a very narpiw an<i «leoply incisiil canyon cut throu(;h<iut in volcanic rocks, 
r»-i-»'ivinj.' f»'w trihiitarie<« from either >ith* i PI. IV. /i). It i> a ix^rmanent stream 
and. Ilk*' th»' San Fr.inei-*ro, I** ^uhjert to <«udden fr«»-hets. during which the 
volume nf th»' water i- for a ••hort time amazintrly increased. 

RELIEF OF DISTRICT. 

I^Hikiiiir iiortriwarl to wan 1 (.'liftim from the valley of (lila River several high 
rii'«-- 'x:.'i •■•»Mipl»-x**'» of ru*»'tred hills apix'ar on the horizon, lait neither from 
th:- pl.-x' *• fi'-r from U-iter {)oint> of vanta^' nearer the fmithills is it pos»sihle to 
di- »rri my will-deriiiHl ranjr»* >y'*tem or any dominating contnil featui*e. To|x>- 
trnipfii'Jilly the wliole mountiiin regi«)ii ntirth «»f the river appears as a iiuze of 
-hort ridge* and i)eak>. 

The geological structure fxplain^ thi> <-<indition tpf affairs very clearly. A 
(*}r*- of oldtM* HM'k'*. granite*, limestone*, and sand>tone>. Iving chiedv )>etween the 
two mo-t imixjrtant nortln-rn triliutarie** <if the (lila in this region, and reaching 
elevation* of mer 7.«h»*' feet. wa> tir-t deeply and irn^gularly eriKled, and, later, 
d II rill*' the Tertiarv |MTi«>«l. wa* rovered l»v imnnMise ma'oes of volcanic flows, 
chietiv rhvolite* and fKisilt>. verv uneiiuallv di^^trihuted as to thickness and char- 
a<ter. A r-rMi-*rrnr-ti\i' einiinage wa> laid out over the lava Hows and extensive 
erosion fojlowr*!. The r«-ull t){ ilie>e ci»iidition< i> an extreme irn^giilarity of 
to|>ogra[»liy. 

Tli»- -.outlurn part of the map (PI. Ii ripreM'nt> a hmad plateau spreading at 
th«' for»r nf th«- m«juntain- and having an average elevation t»f 4^JMni feet. It 
deM-end- g»*iitly -ontliuapl from thi- eilg*- tif flu- mountain*, extending fixmi Eagle 
Crei-k on the ue-t tn iH-yninl >aTi Franci*r«» I{iver nn the i'a»*l. The lower parts 
of liotli of tli»--i' wat»'i'i-our*<'* trench it to deptli* 4»f up to Too feet, leaving 
<'ravi*Ii or ln'owni*li Miiir* of lava* or gnivel* lining the watercourses. The 
plat«-au i* fiirrourd ^\ a ma/j- of *lialN»w and *preading ravines, rapidly deep- 
♦•riinf to Wox-like « jinvon- inar thi* main rivn*. The formati<in is chiefly the 
.*emicon*olidated ilctritn-. nf iln" (iila c<iMLd<»mi'rati'. Th*' road from Clifton to 





H. BLUFFS OF GILA CONGLOMERATE ON WEST SIDE OF SAN FRANCISCO RIVER 3 MILES BELOW CLIFTON. 
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the Longfellow Incline the granite on the west side is capped by bluffs 
quartzite and limestone, while a similar, though smaller, faulted-down quartzi 
table (taps its eastern slope. For li miles aljove the Longfellow incline tl 
canyon is very narrow and deep. The prevailing rock is a granite greatly altere 
silicitied, and impregnated with decomposing pyrite: owing to this it weathers 
most fantastic forms, overhanging cliffs alternating with deeply incised gorg" 
and needle like pinnacles, the dark-red color of the rock lending addition 
weirdness to the scene, especially when colors and shadows are emphasized I 
the setting sun. A little stream of bright-green water trickles along the bottoo 
numerous mining tunnels are opened along the sides, and the available level spa< 
is frequently insufficient for the track of the Coronado Kailroad, which foUov 
the canyon up to Metcalf. 

A mile l)elow Metcalf the canyon widens as the softer porphyry is entere< 
and small sjmces of alluvial gravel appear, probably brought down from tl 
great amphitheater of the Coronado and Santa Rosa canyons. 

At the town of Metcalf two important tributaries join Chase Creek. Froi 
the west Coronado and Santa Rosa gulches descend in narrow canyons with pn 
cipitous grade, draining the eastern slope of Coronado Mountain. Three thousan 
feet west of MeU-alf they join, and continue down to Chase Creek in an ope 
valley with a Iwwlder-covered bottom several hundred feet wide, bearing anipl 
evidence of the frequent oc<'urrence of violent cloudl)ursts on the flanks of Con 
nado Mountain. From the east King Gulch descends in a narrow, extreme! 
r(ff:\iy rranyon. broken by one sudden drop of a hundred feet and having a grat 
of r/j^i fe*'t in 1 mile: it heads 3 miles to the northwest, near the 7,000-feet-hig 
Malafiai« Peak, which, us its name implies, is carved in jagged outlines from tt 
yrfPAt Tertiar>' lava flow>. A debris fan of great lK)wlders at the mouth of tt 
f-skuvfyf, -how- the torrential character of the watercourse, which ordinarily 

Th^: xfh^r-^t profjiin^nt feature of the topography at Metcalf is Shannon Moui 
\^{^ fAir.. r^irijf \h pymmi'^i^il form l.'2o^> feet al)ove the town, with yellowish-gra^- lowc 

Ao\^^ '/rok'-f; '»y T*fiyj:\i t-rd^H of df*comiK)sed porphyiy and surmounted by th 
*A%^% \T',u "^p 'A rCi*-. o.iUro]t^ of tho .Shannon mine. 

Av/ - M*-* a.f ^fiA/^r r'rw-k Canyon contracts again and for H miles forms 
;^^^ //'^r.-v^^o^v," : ^j/i>ar>' of the lower granite canyon. The grade is about 2C 
f^^f *f^ *c.^ '-' .^ ^/*r*>:i^J ^fijl^'h. on which several important mines and prospeci 
;r.-* -r.^,.*.*A/; ''f,f/'T* *r',xt, rh'- ♦-a-t. A^Kne this gulch the most conspicuous fei 
f.\*i''t *.*' *i-.i' yf^r '/T\r,\U'. '#jijff- on th«* west side, which drop off almost pel 
j/vv^:y:. .^.•' 1\r X *'y/\*<ir/\ U'Ct to a ^-loping mass of debris near the creel 
7>^ '-^-i'^r '/ ^ '-M^^ * *■'('< - only a few miles distant, l(M*ated among the hig 
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lava peaks of the northern part of Clifton quadrangle. The total drainage area 
is about 22 square miles. 

The area which drains directly into San Fi*ancisco River north of Clifton pos- 
sesses divers topographic features. The well-graded river, w^hich has a fall of 20 
feet per mile, emerges from the older rocks at Clifton, where it has carved pic- 
turesque cliffs from the lavas underlying the gi'avel terraces of the Gila forma- 
tion. For a few miles northward it flows in a canyon about a thousand feet 
deep, with moderate slopes, which occasionally break into precipitous bluffs of 
limestone or granite. Above this point the canj'ou may be said to be a double 
one. Its tortuous course is first adjoined by steep lava bluffs from 500 to 700 
feet high. A gentler slope then follows, gradually leading up to the high black 
lava peaks on the east side. On the west side this gradual ascent leads up to 
precipitous, dark-red, in places flat-topped, granite bluffs, 1,500 to 2,000 feet high, 
again surmounted by the great masses of Markeen and Copper King mountains 
on the south (3,300 feet above the river) and the lava peak of Malapais on the 
north, all of which form part of the divide between Chase Creek and San Fran- 
cisco River. The canyon of the latter stream is not the result of a single and 
simple period of erosion, but rather the consequence of orographic movements 
and at least two periods of erosion. These relations are more fully discussed in 
the text of the Clifton folio. 

ROCK8. 

GENERAL STATEMENT. 

The rocks are divided into two series. The older consists of a basement of 
pre-Cambrian schists and granite, upon which rests unconformably a Paleozoic 
series 1,000 feet thick of limestones, shales, and quartzites, overlain by Cretaceous 
shales and sandstones at least several hundred feet thick; masses of granitic and 
dioritic poi*phyries are intruded into all of these rocks. The younger series, of 
Tertiary and Quaternary rocks, consists of various lavas and of an extensive 
formation of partly consolidated coarse gravels called the Gila conglomerate. 

PRE-CAMBRIAN ROCKS. 

It appears most natural to first describe the old basement upon which the 
sedimentary systems have been deposited and through which the much later 
intrusions of porphyry and overflows of basalt and rhyolite have forced their 
way. While the Cambrian system has not been proved to exist in this region 
by complete paleontological evidence, there can be little doubt that the Coronado 
quartzite represents this period, and it is certain that its base marks the most 
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prominent unconformity in the early geological history of this vicinity. T 
pre-Cambrian basement consists chiefly of granite and allied rocks, much mc 
rarelv of .schist:*. 

PINAL SCHISTS. 

Eight miles north of Morenci, near the head of Chase Creek and Sard! 
Creek, a formation of tine-gniined schists is ex|K)sed l)elow the Coronado quartzit 
The small areas are surrounded by l)asalt and have been exposed only throu| 
the erosion of the <*overing flows of this rock. The schists strike east and we 
and have a steep dip to the south. The prevailing mOess consists of reddis 
fl.ssile. and very tine-gniined ((uartz-soricite-schist, though smaller bands ai 
masses of an amphilxilitic rock are also present. The sericite-schist is probab! 
of sedimentary origin. 

On account «>f the striking similarity in geological position and petrofifnpfa 
character to the Pinal schists which Mr. Kansome" describes from near Glob 
Ariz., I have not hesitated in cori'elating the occurrence just described wit 
that formation. The relation between the granite and the schists can not, in tfa 
case, be established with certainty, but, from the occurrence of a small pegm 
tite dike in schist found in the gulch just south of Sardine Creek, it seen 
likely that here, as well as at (tIoIk*. the gnmite is younger than the schis 
and intrusive in them. There is a very striking unconformity between tl 
Coronado quartzite and the Pinal s<:hists and the latter should doubtless I 
referred to the Algonkian or to the Archean. How unsatisfactorily the line 
drawn between these two systems has already- lx»en emphasized by Mr. Ransomc 

GKAXITK. 

ChctDTeiuu? and dint rihnt ton, — The rock which almost universallv underli 
the Paleozoic sedimc»ntary series is a normal granite, consisting of orthoclas 
alblte, ((uartz. and i)iotite; the orthcK^lase quite genemlly prevails over the othi 
constituents and iiiav be so abundant as to cause transitions to quartz syenite 
and nornml svenites. 

Broadly s|>eaking, the granite areas form a l>elt several miles wide betwec 
the sunken limestone bUx-ks of the southern foothills and the heavv lava flo¥ 
of the northern mountains. Topogmphically they form two prominent dom( 
shaped masses, rising t^) elevations of 7.i)<M» foot, sepanited by the deep trenc 
of (Jhase Creek, and scarred by many deep ravines. Coronado Mountain fom 
the westerly area, while the comf)lex of Markeen and Cop]>er King mountaii 
rises between San Fnmcisco Hiver and ('ha»ie Creek. 

n KaDnoxne. F. 1^, GeoI(^«y of the Ulobe cop|M:r dutrict. Arixoua: i'rof. I'apcr U. K. Geol. Sun'ey Na 12. 1908, p. 2L 
h Ij/c. i:it. 



■ • V : I 



■ Ml 



PBE-CAMBBIAN BOCKS. 57 

Several smaller areas of granite occur among the faulted blocks northwest of 
Morenci; the Copper King granite extends across Chase Creek and follows the 
margin of the foothills for several miles south of Morenci; and a smaller detached 
area outcrops a couple of miles southeast of Clifton between the Gila conglomei*ate 
and the Coronado quartzite. The boundaries of the areas are formed by the 
covering or intruding later formations, which may consist of Cambrian quartzite, 
irruptive porphyries, Tertiary lavas, or Quaternary gravels, or again by fault lines 
which may bring any one of the formations present in the area in contact with the 
granite. 

The prevailing color of the gmnite is red, ranging from a yellowish red to a 
deep brownish red, all due to the finely disseminated ferric oxide so common in the 
orthoclase. The outcrops are large and rounded, but without exhibiting, except 
locally, a very marked '^ wool-sack structure." The surface is covered by a thin 
layer of coarse sand, due to disintegration, in places where erosion has not acted 
with unusual vigor. The steep slopes of ravines and fault scarps, especially those 
on the west side of Chase Creek above Metcalf, show a prominent sheeting or 
jointing. The joints usually have a northeast or north direction and, standing 
almost vertical, separate the rock into thick benches. 

The weathering on Copper King Mountain is of a similar character, the 
sandy gentler slopes contrasting with the imposing dark -red cliffs, cut up into 
angular blocks by irregular joint planes, and facing San Francisco River. 

The granite of Chase Creek between Morenci • and Metcalf is altered by 
quartz cementation and pyritic impregnation; oxidation has given it specially 
bright red and yellow colors, while the outcrops are extremely rough and 
irregular, with pinnacles and deep recesses. Fresh granite is only obtainable at 
points of intense erosion or where mining operations have penetrated the 
decomposed surface. The coarse-grained character remains constant over the 
whole area. 

retrography. — The typical granite, as shown, for instance, at Sycamore Gulch 
near the Poland prospect, is a reddish-brown coarse-grained rock, consisting of 
reddish, only occasionally light-green, feldspar grains, averaging perhaps 5 mm. 
in diameter, light-gray quartz in smaller grains often intergrown with the 
feldspar, and a small amount of black biotite in inconspicuous aggregates; 
occasionally a grain or two of hornblende is present, but never, as far as known, 
any muscovite. The ferromagnesian silicates are rarely seen in specimens from 
the surface, having been decomposed to dull grayish or greenish secondary 
minerals. 

In thin section large grains of orthoclase are most prominent. Microperthite 
b also very common, occurring in intergrowth with orthoclase. A few grains of 
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a plagioclase with narrow striatlon were noted in some specimen-s. They are 
f^reatly sericitized, making determination difficult, but appear to l)e alhite. Quartz 
abounding in fluid inclusions is always present, but often as small grains and in 
micropegmatitic intergrowth with orthoclase or perthite. Magnetite and zircon 
are accessories. The structure of the rock is normally granitic. In nearly all 
si>ecimens from near the surface the fel(ls|)ars are clouded by kaolin and sericite, 
while the biotite is entirely converted to sericite and chlorit>e. Occasional modi- 
tications occur, but are seldom conspicuous. As mentioned above, the orthoclase 
may locally increase, changing the rock to a quartz-syenite. Hornblende may 
increase, as shown in the cuts of the Coronado Railroad, 850 feet above the 
place where the wagon road leaves Chase Creek and ascends the hill toward 
Morenci. This rock is a normal granular aggregate of orthoclase, microperthite, 
and quartz, and pro!)ably a little individual albite, with rather abundant prisms 
and gi-ains of green hornblende, and a considemble amount of magnetite or 
ilmenite. The <|uartz is present in only moderate quantity and i^artly in grano- 
phyric intergrowth with the feldspars. Sericite, chlorite, epidote, and pyrite 
have developed subordinatel}' as secondary mine mis. 

Local modifications of still more basic character are verv uncommon, the 
only one observed being in the bottom of a gulch 2 miles south of the point 
where the Coronado vein crosses the ridge sununit. The granite here contains a 
small mass chiefly consisting of hornblende, soda-lime feldspar, and grains of 
magnetite or ilmenite. 

Dlke!.^ ronn€cfe(f with the int nation of pre-Cionhrtan (jranite. — The intrusive 
character of the granite is inferred, although in this region no direct proof is 
available, no contacts with older rocks Ixiing visible. While dikes of coarse peg- 
matite are almost wholly absent, there are, in many places, irregular masses or 
well-defined dikes of granitic aplite, a medium-grained rock identical in composi- 
tion with the normal granite, but of a more even-grained, ^^sugary'" texture. 
These aplitic dikes, whose genetic connection with the granite is ver3' clear, have 
not been separated from the latter rock on the map. Dikes of rhyolite, basalt, 
or of various intrusive porphyries, are abundant in places and will be descril>ed 
under their proper headings. 

PALEOZOIC SEDIMENTARY ROCKS. 
THK SECTION IN (JENEKAL. 

Above the granite rests, in the vicinity of Clifton and Morenci, a thickness 
of about l,nno fc^'t of Paleozoic stnitihed rocks, comprising the Cambrian, Ordo- 
vician (formerly called lower Silurian), Devonian (Oi and Carboniferous systems. 
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They have been subdivided (see fig. 2) into Coronado quartzite (probably Cam- 
brian), Longfellow liniestone (Ordovician), Morenci Hhales (probably Devonian), 
and Modoc limestone (Mississippian, or lower CarlioniferouM). 

The Pennsylvanian is not known to be pi-eaent in the area here discussed, 
but heavy limestone bedw of thia series, several hundred feet thick, are found 
conformably overlying the Missis.sippian in the northerly part of the Clifton 



vhole Paleozoic column, 



quadrangle. There is no known unconformity in the 
though by no means all of the subdivisions of the 
syetems have been shown to be present. « 

Compared to other places in Arizona the thick- jl 
ness of the Paleozoic column U .slight. Mr. Ransome 
describes 1,700 feet of strata from Globe" and over 
5,000 feet from Bisbee.* 

COKONADO yUARTZITE. 

General character' awl distribidiori. — Resting im- 
mediately on the granite basement, the Coronado 
quartzite has a wide distribution and is everywhere 
easily recognized. It consists chiefly of hea\'y beds 
of brown, pink, or maroon quartzitic sandstones, 
usually characteristically jointed, as shown on PI. VI, 
which represents an exposure about 2 miles south of 
Morenci. Itjs lowest member is a quartzite conglom- 
erate, up to 50 feet thick, but this is missing in 
many sections. Several smaller areas of this forma- 
tion conspicuously crown the summit and westerly 
slope of Coronado Mountain. The largest area, cover- 
ing several square miles, lies a thousand feet lower 
on the south side of the great Coronado fault tis- 
sure, and forms a fault block, broken by many minor 
dislocrations, but, on the whole, dipping gently west- 
ward. Minor patches cover the gmnite in upper 
Chase Creek Valley, or are bounded by short fault 
planes, while eastward similar areas cap the granite blutfs overlooking San Fran- 
cisco River. At lower elevations a continuous band of this formation begins 
near the Longfellow incline on the west side of Chase Creek Canyon and, fol- 
lowing it for a couple of miles, swings southwest, with foothills facing the 
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gravel plains of (lila coii^lonieratt'. and continiios to a point 3 miles south of 
Morenri. A ff»w oxp<»iin*s of the fnrmation. resting im granite, are also found 
on thf* east side of Sam Fninoisfn River. 

In many |)laees erosion lia> left cmly a thin rover of (|iiartzite lyin|^ upon 
the granite. Where the whole thickness of the formation remains. sl» near 
Morenei. it attains u maximum of 'J'lO feet. I>ut thi^ is not maintained at all 
ex|M)>ure«.: near the mouth of A]>a«'ln» (fulch. due Mmth of Morenei, there are only 
from PN) to loo f(.H.>t exix».>ed. The lia<«al conglomerate, consisting of a maximum 
of 5<» feet of well- washed ijuaitzite cohf»ies, cemented hy granitic sand and 
gradually changing into sandy h<»ds, is well exjiosi^d in the bluff forming the 
summit of Coronado Mountain, and i> presiMit at many other localities, hut is not 
a universal feature. At the foot of Ijongfellow incline it is only 2 feet thick. 
Two miles southwest of Morenei the following MVtion was ol>served: 

ffeol"'/i'fli i**tiit/n jvntthnt'i4 n( Mnrehri, Ariz. 

Fwt. 

Wliite i|iiartzitii' r^iidHtoiK* oO 

Ran(le«l. pink and iiianMiii. ijuartzitic }<aii<1stoiie. f(irniin>? 

liroripitouH l»luff \&2 

ijiiartzitic rrm^rloiiirrati* 10 

f*aini.»!t^inr 3 

<2nartziti(' ciin^Ioiiierati* 8 

- ]Vh))lei< 1 inrli in ilianiettT. i 

( Viarvi* sanrl>*t»»n«* i Iws*' i 10 

243 

Near th«- fiioiitli of Apache (lulch, south of Morenei. the conglomerate is 
):i'kirig. -'ifji-tone* resting dire<*tly on the gninite. A characteristic exposure 
frofjj Mor«-n'i r'anvon \< <*hown in PI. VI. Ji, 

If] til*- j/n-at fault fWock covi»riiig the western slope of the ridge south of the 
r^nma'lo inifi*-. a rl»'arly detined stratitieation is i>ften wanting: the hasal conglom- 
cvixU' i- (ftrH'-'inniiUy j)re<ent in slight development, while as frequently it is 
lui— ing. In *-ueh ra-i* the exact line of demarcation 1 between gnmite and detrital 
itH'k may Ih; ditiieuit t<i i>*Mceive: the undt-rlying granite appears disintegrated, 
f>«'afifig evi<lenee of pre-< 'aml»rian weathering. Thin strata of olive-colored shale 
were ofi-erved in a few plaec>>: for instance, near the to]) of the formation on the 
sumniit of Coronado Mountain, and in tlie gulch just south of the Ix>ngfellow 
ineliije in (Iha-eCpM-k. 

I'lfrofirnplnj. The roek is usually thick l)e(ided, though sometimes delicately 
Ininded in detail, and ^how> various colors from light pink to darkest maroon; the 
di.-tingui'>|jiiig color of the outcrops I-; dark l>rown. Properly speaking, it is a 
hard fjuart/itic -and-tone of varying grain, mo^t ronjinonly, however, showing 
grain-^ averaging I nini. in diameter. Near the hase are intercalated l>eds of coarser 






lX>)l 



CORONADO QUARTZITE. 61 

grain, which at many places change into coarse conglomerates. The clastic grains 
almost universall}" consist of light-gray granitic quartz, are generally rounded, 
and contain abundant fluid inclusions. Grains of sericitized orthoclase are occa- 
sionally found, but no other rocks are represented. The cement consists chiefly 
of sericitic particles, mixed with fine granitic detritus. The whole indicates very 
clearl}^ derivation by slow processes from a disintegi-ating granite, the feldspar of 
which has had ample time to become converted into sericite and kaolin. 

By secondary ore-forming processes pyrite may develop metasomatically, 
both in quartz grains and cement; in a few places near Morenci this quartzite is 
mined as ore. 

The conglomerate consists exclusively of well-washed cobbles and pebbles of 
a somewhat harder quartzite than that which forms the mass of the formation; 
neither granite nor aplite was found in it at any of the numerous places in which 
it was examined. The derivation is plainly from pre-Cambrian quartzite masses. 
Such rocks have not been found in the area here discussed, but occur farther 
north in the Pinal formation in the same Clifton quadrangle. The absence of 
granite fragments bears still further evidence of the deep pre-Cambrian disinte- 
gration of the granite. 

Conditions of deposit io7i, — The even bedding of the body of the Coronado 
formation shows deposition in a large body of water, and while the marine origin 
of the top strata is proved by the occurrence of fossil shells, it seems probable 
that the conglomerate is a fluviatile deposit gradually merging into marine con- 
ditions. Its very irregular occurrence and thickness, as well as the disintegra- 
tion of the underlying granite, confirm this conclusion. The pre-Cambrian land 
surface was evidently one of gentle outline, except for some projecting masses 
of old quartzite and schists. The present surface of contact between the granite 
and the Coronado formation is greatly modified by warping and dislocation. 

Age and correlation, — The determination of the Coronado formation as Cam- 
brian is largely circumstantial, based chiefly on its well-defined position as a dis- 
tinct division of quartzose sediments below Ordovician limestone and above an 
unconformity of the first importance. The only fossils thus far found in the 
Coronado formation were discovered bv Mr. Boutwell in olive shales, 25 feet 
below the top of the quartzite, in a section just south of the Longfellow incline 
in Chase Creek, and consist of small lingula-shaped shells. 

Mr. Charles D. Walcott has given the following opinion of them: "One species 
is represented — a small form of LtnguleUa. Similar forms are found in the Middle 
Cambrian of the Grand Can^'on. Your material is, however, so imperfect that 1 
do not like to base specific determination upon it."' 

The quartzitos at the base of the Paleozoic section have a verv wide distribu- 
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tion in Arizona. Mr. Dunible" de.scrif>es such ({imrtzitcs from the Dragoon, Whet- 
stone, Chirii^ahua, and Mule Mountains, and refers to them as the Dragoon 
quartzites. Mr. Kansonie lias examined a similar but much thicker and more 
variable group of formations at GIoIk* and given it the name of the Apache 
group.* The Bisl)ee ecjuivalent Mr. Kansome refers to as the Bolsa quartzites, 
the thickness of which ranges up to iiiX) feet.'" No fossils have been found at 
either of these localities. 

LONGFELLOW LIMF.8TONE8. 

General r/ifiracter and (/ i^t rihut ion,— Vnder this formation name have been 
grouped a maximum thickness of alx)ut 400 feet of strata confonnabh' covering 
the supposed Cambrian (Coronado (}uartzites) and consisting of limestones usually 
more or less dolomitic and gradually growling more siliceous near their lower 
limit. The upper 150 feet always form a prominent bluflf of brownish limestone, 
while the lower 250 feet contain more shaly strata, usually forming a more gentle 
slope leading down to the steep (|uartzite bluflf beneath (Pis. IV, A; V, B), 

The formation is extensively developed in the southern marginal mountain 
region. BluflTs of it line San Francisco River for a couple of miles north of 
Clifton, the areas forming deeply sunken blo<»ks at the foot of Copper King 
Mountain. An area aggregating a few square miles is exposed east and south of 
Morenci, here again forming a series of faulted blocks. Another block about 1 
square mile in size lies north of (lold Creek on the slope toward Elagle Creek. 
Manv smaller detached masses are known; some of them occur at the northern 
edge of the district near the line w^here the older formations dip below the 
southern edge of great lava areas. 

I Ma lied Ht^rtiom. — One of the type lo(*alities examined is along the steep bluffs 
on the western side of Chase Creek Canyon. The best section obtained nms 
northeast from the high limestone point one-fourth mile south of Modoc Peak, 
the beds l>eing well exposed below the Carl>oniferous and Devonian along the 
steep slope of Chase Creek Canyon. 

(ietfltujicnl nectKjii onr-fourth tnife ffuuth of Moflo<' Peak. 

Fe«?t. 
Buff limestone 15 

(^iiartzitic sandftone 10 

Bluff of browni.«h->rray cherty linieHtoiu* 140 

Shaly limestone 90 

Coarwi jrray nandHtone 10 

Sainlv and shalv limt*Ht(tno (hahie) 115 

» • 

380 

'I Duinbl*.*, K. T.. Note- «in tlu* t^t-oUtfcy «»f w.iuiln-a>t«'rn Arizomi Iran-. Am. Ii»-t. Min. Kiik-. vol. 31. 1902, pp. 696-715. 

''KanM»m«\ F. I... <iiM»lopy r»f (fli.lM- roppi-r <li>"tri<*t. Arizona: Trof. Pajar l*. S. <m'<»1. Survey No. 12. p. 28. 

r KaiiMiUif. K. L.. G»'ol<»K.v an«l on; «k-iM»^iu« of ;BistH.-ir <|iia«lrHnKU*. Arizona: Prof. Pafa-r V. S. (ki>l. Survey No. 21, p. 28. 
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Morencf in the lalwraton' of the Detroit Copper Company b}' Mr. L. R. Wallace. 
This horizon is in the lower half of the Longfellow limestone. 



Partial analysett of limeMonf at the rear of tntiler nnnn of Detroit Co}»per Company* tt tantHer. 



1x)wer stratum (contains small 
pockets of coi>i)er carl>onatt») . 

Upper stratum 



c'aco.,. 



Mgi?o,. 



SiOs. 



56.4 
90.08 



9.0 
1.5 



30.0 
4.7 



I 



aIsOs. 



2.6 
2.0 



The following series of partial analyses are of limestones from the base of 
the hill in Morenci Canyon west of the smelter up to Hernandez's wood yard, a 
veitieal distance of KK) feet; the horizon comprises the uppermost 100 feet of 
the Ix)ngfellow limestone: 

Partial aualifnej^ of limestone from Morenci Canyon weM of smelter. 
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The Longfellow limestones, exposed on Shannon Mountain, are largely 
metamorphosed; many of them would seem to be somewhat dolomitic in com- 
position. An analysis made for the Shannon Copper Company of a hard, blue, 
fine-grained limestone from the Black Hawk tunnel 30 feet above the top of the 
Coronado quartzite runs as follows: 

Analysis of limestone from Black Hawk tunnel. 

Per cent. 
CaCO, 39.2 

MgCOj 22.9 

SiOj 27.0 

FeA 8.3 

AlA 3.0 

100.4 

It is probable, however, that the specimen analyzed contained some pyroxene and 
epidote, due to metamorphic processes. 

Age and coirelation, — Fossils are very scarce throughout the Longfellow 
limestone. In the lower, shaly part the only occurrence thus far found is in the 
second of the detailed sections; 20 feet above the top of the quartzite a few 
small lingulas were found, together with crinoidal remains. Mr. Charles D. 
Walcott states that, while no very certain determination of age can be based on 
them, they probably indicate the uppermost part of the Cambrian; there is thus 
a possibility that a part of the Longfellow formation may be of Cambrian age. 
The best fossils were found in a layer of yellowish-gray shaly limestone at the 
top of the same section and consisted of gasteropods and fragments of trilobites, 
the latter in part very large. A similar fauna was found one-half mile farther 
northwest on the same ridge in the same stratigraphical position, and also in a 
gulch one-fourth mile northeast of Newtown in the same vicinity. 

On these fossils Mr. E. O. Ulrich reports as follows: 

"The fossils contained in the lots submitted (lots 7, 8, 9, and 10), collected by 
Mr. J. M. Boutwell, are on the whole so poorly preserved and incomplete that I am 
not willing to make a positive specific identification at the present time. Still, the 
general aspect of the collections and, in particular, the 'association' of generic types 
leave no doubt in my mind concerning the age indicated by the fossils. 

"The four lots all indicate practically the same time interval — it is not unlikely 
that they are all derived from the same bed, which I believe the evidence in hand 
warrants me in placing in the Calciferous age (= early Ordovician). 

"All four lots contain a species of RaphUtomina or of some related gasteropod 
genus, an Ophlleta^ a Dalmanella similar to D, harabitrgejisis Walcott, a species of 
Cayaarella or Syntrophia^ a new type of CephnUqyoda near Endoceras^ an early type of 
Asaphxts^ a small Dik^Uocephalus {'i)^ and a larger trilobite related to Bolbocephalus.'^'* 

16859— No. 43— a5 5 
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Four miles west of Morenei, on the slopes toward £agle Creek, i« a large area 
of the upper part of Longfellow limestone. Flat gasteroixxls, similar to Baphi^t- 
U/miJia^ were observed in the center of this area and near the principal trail 
crossing it. 

As far as known this is the tirst definite (wciirrence of the Ordovician system 
discovered in Arizona. Mr. liansonie has found no roi'ks indicating this age in 
the GloV>e" or in the Bisbee'' districts. In lK)th places Devonian strata, chiefly 
consisting of limestones, directly overlie the Cambrian. 

A broad l>elt, in which Ordovician strata are abundantl}' developed, is found 
in western Nevada, extending from the vicinity of Kui*eka down to within 4<» 
miles of the great bond of Colorado River and the Arizona line. 

The distribution of the system within this area is discussed in the reports on 
the fortieth parallel,'" in Hague's'' and Walcott's' monographs on the Eureka 
district, and in a recent bulletin by Mr. J. K. Spurr/ The nearest point of 
this l)elt is about 350 miles distant from Clifton in a westerly direction. Along 
the Grand Canvon of Colorado River the Ordovician is thus far not known; 
neither does it occur in southwestern Colorado. On the other hand, Mr. G. B. 
Richardson^ has recently found the formation strongly developed at El Pkiso and 
other places in western Texas. North of this point it is known to occur along 
eastern Colorado, as, for instance, in the Pikes Peak ((uadrangle. Mr. Ellis 
Clark '^ reports its presence, possibly together with Silurian, at the Lake Valley 
silver mines in the south-central pjirt of the territory, and more careful search 
will probabl}' show its presence at many other points in New Mexico. 

MORENCI SHALES. 

Grneral chararter and dl^rlhuttf^n, — Between the ModcH* formation of the 
Carboniferous and the Longfellow formation of the Ordovician are conformably 
intercalated a group of strata which have tentatively l)een referred to the Devo- 
nian svstem. The rocks consist of about Kkj feet of clav shales underlain bv 75 
feet of compact and fine-grained argillaceous limestone; this lower part is, how- 
ever, mi-'ssing in s<jme parts of the Clifton quadrangle, and as, moreover, it can 
not ''onvenii-ntly Ik* mapi>ed sejMirately on a small scale it has been grouped with 
the -haler into one formation on PI. I, while on the special map (PI. XVII) the 
two rnenjUrr- have lK:en se]:)arate<l. 



'-7'.« r^.-.'/r^ iT.-: ':'. '^T \-ij' f. *.'.'.*. B:->fr.-. Ariz.: Tniriv Am. Iii^t. MIn. Kim.. Feb.. 1903. 
'Y.t.Tf * A.'^.v- " - '^/'-.v hx\, K'^.'*:<?h I'mth:;-:. 1-71. l^TJ. l**!:! 
fiixir^ *.•".''■ ". '/" Yy ' 1 '.'.- K .T'li.i 'l.-»r;«?: M-.n. I*, -i. •;«.-««l. Surv« y. \(t\. 'JO. ls92. 
»Tf'* '.-/• ' ;, ?f ■■:.-•.•. //-. f •:.«• K .,"■*■ .1 'Ji-'ri't Mi. ii. f. *^. <i«-ol. Survey, vol. s, lf*84. 
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Though not occupying large surface areas it is present wherever the com- 
passing formations occur; for instance, on San Francisco River a short distance 
above Clifton, in the vicinity of Morenci, and near Garfield Gulch. It usually 
forms a gentler slope between the bluflfs of Modoc and Longfellow limestone. 

Petrography and analyses, — ^The clay shales are fissile black rocks, fairly 
hard when fresh, but crumbling easily and softening and becoming grayish on 
exposure. Under the microscope they show the usual cryptocrystalline aggregate 
of clay shales with abundant greenish minute flakes and fibers, probably consist- 
ing of glauconite. Small cubes of pyrite occur sparingly-. Calcic carbonate is 
often entirely absent. A specimen from below the Detroit Copper Company's 
limestone quarry contained, according to Mr. L. R. Wallace, 2 per cent of CaO. 
A slightly hardened but otherwise typical rock taken 30 feet east of the big dike 
crossing the trail from Newtown to the top of Longfellow incline, near Morenci, 
gave: 

Analysis of clay shale j No. SIS^ Gifion collection. 

[W. F. Hillebrand, analyst.] 

SiO, 61.25 

AlA 15.60 

FeA 1.35 

FeO 3.04 

MgO 4.16 

CaO 3.40 

Na^O 44 

K2O 6.74 

HjO-lOO* 62 

H,0-hlOO* 2.09 

TiO, 66 

COj None. 

PA 08 

SOj None. 

MnO« 07 

BaO Faint trace. 

SiO None. 

LijO ^ Trace. 

FeS, 25 

CuFeSa 03 

ZnO 03 



99.81 



apartly MnO,. 



68 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

The analysis indicates a fairly typical clay shale, the high percentage of K^|0 
being characteristic of many of these rocks. Less common is the large amount 
of CaO, which evidently is not present as carlwnate but as some silicate, probably 
epidote. The rock is somewhat hardened by the adjacent intrusive mass and 
slight metamorphic changes may have taken place. The copper and zinc present 
in minute quantities are also believed to be derived from the intrusive rock, as 
ores of these metals of contact-metamorphic origin occur only a few hundred feet 
away. In the section near Morenci, one-fourth mile south of Modoc Mountain, the 
shale contains near its top strata a dark-gray tine-grained dolomite, weathering 
3^ellowish red. 

The limestone underlying the shales appears in most typical form at Morenci, 
while north of Metcalf a corresponding meml)er could not be found. 

This limestone, about 75 feet thick, is nearly black when fresh, extremely 
tine grained, and breaks under the hammer with a ringing sound into shelly 
fragments. The outcrops are well stratified in thin benchers which appear 
peculiarly pitted by weathering and have a bluish-gra}' color altering on oxidation 
to a yellowish tone. In thin sections the rock is very tine grained, consisting 
chiefly of calcite, though some small rhoml)ohedrons of dolomite are present. 
Minute cubes of pyrite are scattered through the mass. 

A spe<!imen from the lower part of this member at Bias Hern&ndez's house, 
opposite the Detroit smelter, gave the following result: 

Analijitis of linn'ntotiefrom near Detroit Copper Comfyam/s smelter. 

[L. R. Wallace, analyst.] 

SiOj 6.4 

Fe 1.5 

A 1 A 4.2 

CaO 46.8 

U^ri) 9 

Cu 2 

S None. 

The total i>ercentage of carl)onates would be about S5.4. Silica and alumina are 
both high, indicating admixture of clayey sui).stance. 

Af/ff r/nd ror/'f/otio7i. -WhilQ no fossils have been found in the shales, the 
argillaceous limestone contains at many points near Morenci a scant fauna of 
corals and gasteropods, all of thcMU noticeably stunted and small in development. 
On these Prof. II. S. Williams reports as follows: 
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"The material presents a few fragments of fossils and is probably all from a 
single formation. There is very little, however, that is thoroughly diagnostic of a 
particular horizon. The species are: 

? Zaphrentis sp A small form. 

Crinoid stems Too imperfect to generically identify. 

Ijmmema sp ^^^ sufficient for specific definition. 

i I^teurotomarta sp J 

Schizophoria cf. ivanqfi Tsch. . A small imperfect specimen of which I wrote 

in the letter to Mr. Girty, referred to as 

follows: 

"The specimen approaches the Orthis ivanofi Tsch. type of Russia more closely 
than our eastern forms of Schizophoria McFarlani^ which is quite consistent with 
the hypothesis that it belongs to the same fauna as that of the Devonian sent by 
Ransome from the Globe quadrangle. 

"Although the typical species of the Globe and Bisbee quadrangles Devonian 
are not present, the Schizophoria is so diagnostic of the same general fauna that I am 
of opinion that you will be safe in calling it Devonian, though nothing in the lot 
will certainly exclude it from either Silurian or Carboniferous so far as the present 
evidence goes. I would classify the horizon as probably Devonian, awaiting more 
perfect fossil evidence for a closer correlation." 

Mr. Ransome found a well-developed Devonian horizon at Bisbee, Ariz.,^ 
consisting of 340 feet of dark-colored, compact limestones with some intercalated 
shales, and refers to it as the Martin limestone. At Globe, Ariz., he discovered 
700 feet of buflf and gray limestones, which he referred to the same age, but 
which seem to present no petrographic similarity to the Clif ton-Morenci * 
occurrence. 

In the Grand Canyon section Mr. C. D. Walcott^ found 100 feet of Devonian 
strata resting with slight unconformity on the Cambrian Tonto group. 

MODOC LIMESTONE. 

General character and distribution. — The Modoc formation, which represents 
the lower Carboniferous or Mississippian series, consists of about 170 feet of 
coarse blue or gray limestones, with subordinate strata of quartzite and dolomite. 
The gray limestone, which forms a prominent clitf, is the characteristic part of 
the formation and recurs at many places. 

The areas covered by the Modoc limestone are not extensive, scarcely aggre- 
gating more than 1 square mile on the general map (PI. I), but the formation is 
of the greatest interest and importance in connection with metamorphic phenomena 

a Prof. Paper U. S. Geol. Survey No. 21, 1904, p. 33. 
b Prof. Paper U. 8. Geol. Survey No. 12, 1903, p. 39. 
c Pre-Carboniferou8 strata in the Grand Canyon of the Colorado, Arizona: Am. Jour. Sci., 3d ser., vol. 26, 1883, p. 438. 
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Age and correlation. — The Modoc limestone is fossiliferous throughout, well- 
preserved species being found in it in the top, basal, and intermediate members. 
The determinations by Dr. G. H. Girt}' show that the formation throughout 
belongs to the Mississippian series of the Carboniferous 83'stem — i. e., to the 
lower Carboniferous. The determinations are as follows: 

On trail to Silver Basin, \\ miles southeast of Morenci; from the Coralliferous 
limestone, the basal member of Modoc formation: Rhipidomella Mickelinif^ 
Spirifcr centnmatu^^ and Setninula hmnillsf 

In the section one-fourth mile south of Modoc Mountain, Morenci; from the 
Coralliferous limestone: Zajyhr'entvf sp. 

In the gap 1,000 feet south of Modoc Mountain; from the Coralliferous 
limestone: Zajyhrentis sp., and Spirife?* cf. cenfronatu^ and S, FarbesL 

In outcrops 850 feet S. 18^-^ E. from Modoc Mountain; from the top of the 
Gray Cliflf limestone, No. 2 of first detailed section (p. 70): Orthu sp. 

In outcrops 850 feet S. 18^ E. from Modoc Mountain, at an elevation of 
5,100 feet; from heavy blue limestone. No. 1 of first detailed section (p. 70): 
Lithostrotionf Q^.^ Menophyllum sp., Favosttes »^.^ Granatoa^intis si^.^ Platycriniusy 
Feiie^telln sp., OrthotJiete^ insequaltH ?, Sjrirlfet' near Spirlfer hi*oknk^ Spiriferina. 

Many other fossil localities were found in the northern part of the Clifton 
quadrangle. 

As is well known, the Mississippian series is extensiv^ely developed throughout 
the West. At Globe, Ariz.," Mr. Ransome found this series present in the upper 
part of the Globe limestone, while at Bisbee^ he has referred 700 feet of strata 
to the same horizon under the name of the Escabrosa limestone. 

TULE SPRINC} LIMESTONE. 

This formation, which consists of heavy-bedded bluish-gray limestones with a 
characteristic upper Carboniferous or Pennsylvanian fauna, does not occur in the 
area here discussed (PI. I), but is fairly extensiveh' developed in the northern part 
of Clifton quadrangle. Near Morenci Mesozoic strata, not recognized elsewhere, 
unconformablv overlie the lower Carboniferous. 

MESOZOIC STRATIFIED ROCKS. 

The Jurassic and Triassic are apparently not represented in this area, but 
rocks belonging "to tlie Cretaceous have been foimd near Morenci. 

a Prof. Paper U. S. Geol. Survey No. 12, 1903. 6 Prof. Paper U. S. Ge<»l. Survey No. 21. 1904. 
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when we consider that at the tiine when these deposits were being accumulated a 
much larger part of the quadrangle was covered by volcanic flows than at present. 
Other rocks may, however, locally preponderate; thus, for instance, below the 
area of porphyry, a few miles southwest of Morenci, where the gravels consist 
almost exclusively of coarse diorite-porphyry, often, indeed, difficult to dis- 
tinguish from the deeply weathered outcrops of the same rock. Along the 
lower part of Eagle Creek volcanic rocks are extremely abundant in the Gila 
conglomemte, and the dividing line between this and the underlying basaltic and 
rhyolitic tuflfs in places becomes indistinct. 

Along San Francisco River and Chase Creek the erosion has in many places 
produced steep or nearly perpendicular bluffs of Gila conglomerate, usually pitted 
by reason of the gradual weathering out of the larger pebbles. Where volcanic 
rocks predominate the conglomerate is often well cemented, and in many places 
must even be blasted along railroad cuts and tunnels. 

From Morenci down to Clifton the gravels are roughly stratified, largely 
subangular, and the pebbles rarely attain over 1 foot in diameter. Volcanic 
rocks, granite, limestone, and quartz porphyry are mixed. They are not greatly 
consolidated, though forming small cliffs in places. The gravels contain a con- 
siderable amount of sand, but it is intimately mixed with the coarse material and 
rarely occurs in isolated streaks. The color of the Gila conglomerate is reddish 
to grayish white, especially in places where long-continued exposure has had 
opportunity to oxidize the iron. 

In Ward Canyon the gravels lean up against the steep fault plane along 
which the granite here breaks off. North of the canyon patches of gravel lie on 
the granite at higher elevations of 4,300 feet. These were probably once connected 
with the great table of gravel south of the canyon, which has the same elevation, 
apparently showing that there has been no considerable dislocation of the con- 
glomerate since its deposition. 

The gravel bluffs begin almost immediately below Clifton, where they are 
seen leaning up against granite and basalt (PI. II, ^1), and continue along the 
river for many miles. Excellent exposures are seen li miles l>elow the new 
Shannon smelter, especially on the west side (PI. Ill, B), The sandy river bottom 
is here from 300 to 600 feet wide: in several places there are narrow terraces of 
gravel, at most 100 feet alx)ve the creek. The bluffs, which in places are almost 
perpendicular, rise to a height of about 400 feet; the conglomerate is well 
cemented (railroad tunnels will stand in it without timbering) and is roughly 
stratified by small streaks of sand. On the whole, there is little sand and few 
indications of cross- bedding. The material consists of rhyolite, basalt, granite, 
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and porphyry, all subangular, the fragments attaining 2 feet in diameter, but 
averaging about 8 inches. Some of the material on top of the bluflf seems 
better rounded than the rest. South of San Fmncisco River the same formation 
continues over the undulating foothills down to the Gila, but the pebbles of the 
conglomerate become distinctly finer. At the Gila the formation leans against 
hills of "basalt and other lavas. 

Mode of deposition. — The Gila conglomerate is unquestionabl}" of fluviatile 
origin, and was deposited during an epoch in w^hich the lower reaches of the rivers 
gradually lost their eroding and transporting powers, while disintegration pro- 
gressed rapidl}' in the mountains. Especially was it active among the loose masses 
of lava, which then covered so much of this quadrangle, from which intermittently 
torrential streams brought down vast masses of the crumbling rocks. The climatic 
conditions were then probably very similar to what they are at present. 

The volcanic outbursts of the Tertiary took place under conditions of activ^e 
erosion, the different flows being often deeply dissected before the eruption of 
the next mass. This epoch of erosion doubtless continued for a short time after 
the close of the igneous activity, for we find the Gila conglomerate deposited on 
an uneven and in places deeply dissected surface. A deep and narrow canyon 
was cut corresponding to the present San Francisco River, with a course parallel, 
but about a mile farther west; this is clearly marked by the bay of gravels now 
cut across by Chase Creek between Clifton and the Morenci foothills without 
exposing the bed rock. As far as known, the Gila conglomerate has not been 
warped or dislocated by faulting in this area, though studies extended over a 
wider field may very possibly modify this conclusion. 

Age. — No fossils have been found in the formation. Mr. Gilbert, followed by 
Mr. Ransome, assigns an early Quaternary age to it, and no evidence from this 
region conflicts with this conclusion. 

TERRACE GRAVELS. 

Small benches of terrace gravels appear at a few places along San Francisco 
River and Eagle Creek, especially in the lower part of the stream courses. Such 
gravels are found on Eagle Creek in small bodies 100 to 200 feet above the 
creek in its lower course, and about 50 feet above the creek near the northern 
end of the quadrangle. Similar benches are found along the San Francisco. The 
Shannon smelter is built on one of them, which is exposed 1 mile below Clifton, 
rising 60 to 100 feet above the water level. These gravels, indicating a tem- 
porary check in the erosive power of the stream, are much later than the Gila 
conglomerate, and are referred to the late Quaternary. 
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in length. There are also well-defined bipyramidal quartz crystals several milli- 
meters in diameter, and sparingly represented biotite crystals converted into 
chlorite. 

The groundmass Ls tine grained, and now consists chiefly of sericite and 
quartz: sericite has also largely invaded the feldspar phenocrysts, especially the 
orthoclase. The feldspars consist parti}' of orthoclase and partly of sharply 
defined albite crystals. A partial analysis of this rock by Dr. W. F. Hillebrand 
gave the following percentages: SiO„ 69.13; CaO, 0.22; Na,0, 3.01, and K|0, 3.94. 

Besides a large amount of quartz the rock would thus contain 23.5 per cent 
of the orthoclase molecule, 25.1 per cent of the albite molecule, and 1.1 per cent 
of the anorthite molecule. It clearly belongs to the granite-porphyry, the large 
amount of individually developed albite being especially notable. 

The stock at the head of Placer Creek is similar in charat*ter, but the rock is 
fresher and contains more biotite as well as a little secondary epidote, a mineral 
which is absent in the porphyries of the Metcalf basin. Its presence indicates an 
approach to monzonitic and dioritic modifications. Many of the dikes east and west 
of Metcalf also belong to the granite-porphyries, though quartz-monzonitic facies 
are more common. One dike at Las Trajas mine, a mile south of the Coronado vein, 
is especially rich in quartz. 

Petrography of the qiuirtz-monzonite-iwrphyrieH, — The rocks of the great stock 
at Morenci and Gold Gulch basin, together with many dikes, belong to this type, 
which, as well as" the preceding division, have a close structural and genetic con- 
nection with the ore deposits. North and northeast of Morenci quartz cementation 
and pyriti(; dissemination are generally present and often accompanied by exten- 
sive sericitization. In this area the outcrops are reddish or yellowish red, and 
weather in irregular craggy form. The rock is most typically developed in the 
Gold Gulch basin, where mineralization is slight or absent. Here it disintegrates 
easily to a sandy, yellowish soil and slightly rounded outcrops; entirel}^ compact 
and fresh rocks are not easily found. Si^ecimens from the divide between Gold 
Gulch and Morenci Canyon, due west of Morenci, are light colored, with fairly 
abundant greenish biotite foils up to 2 mm. in diameter; the feldspar prisms of 
light-3-ellowish-gray color are closeh^ massed and reach a length of 3 to 4 mm., while 
the (juartz pheno(^r3^sts rarely attain 2 mm. in diameter and show no well-defined 
bipyramidal form. 

Under the microscope orthoclase, un)ite, and oligoclase, with an occasional 
crj'stal of labradorite, are shown to bo present. The plagioclastic feldspars often 
show well-developed zonar structure. The groundmass is coarsely microcrys- 
talline, consisting of (juartz and nonstriuted feldspar grains, with occasional 
octahedrons of magnetite. Sericite is present in the feldspars, while chlorite has 
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formed from the biotite; a little secondary epidote also occurs. A partial analysis 
of this rock gave: 

Partial analysis of No, 10, Clifton collection, 

[W. F. Hillebrand, analyst] 

Per cent 

SiO, 69.30 

CaO 1.67 

Na,0 5.56 

K,0 2.39 

Similar porphyries make up the largest part of Copper Mountain and form 
the matrix of the chalcocite ore, but, as a rule, sericitization prevents exact 
determination. 

The freshest porphyry obtainable was collected in the first level of the Ryer- 
son mine in the crosscut to the Wellington vein, 100 feet north of the Ryerson 
stopes. The rock is similar to the one just described, though not quite as fresh. 
It shows the same closely massed, small, usually striated feldspar prisms; a few 
small and greenish biotite foils as well as some inconspicuous quartz phenocrysts 
are seen. All these constituents are embedded in an abundant light-greenish-gray 
flinty groundmass. The feldspar phenocrysts consist of albite and oligoclase, with 
some orthoclase. The groundmass is fine-grained microcrystalline, with much 
quartz and orthoclase. Accessories are apatite, titanic iron ore, and zircon. 

Of secondary materials sericite, epidote, chlorite, serpentine, and pyrite are 
present in moderate amounts, but their presence would not seriously alter the 
composition of the rock. As this specimen would seem to most closely repre- 
sent the prevailing rock of Copper Mountain, it was analyzed, with the following 
result: 

Analysis of quartz-monzonite-porphyry from Ryerson mine; No, 911, Clifton collection. 

[W. F. Hillebrand. analyst] 

Per cent 

SiO, 68.04 

AlA- - 17.20 

FejOs 34 

FeO 67 

MgO 1.05 

CaO 2.21 

Na,0 5.33 

K,0 2.65 

H,O-100° 60 

H,0-hlOO° 1.23 

TiOj 41 

ZrO., 01 

CO, None. 

16859— No. 43—05 6 
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Analytis of qimriz-monzonite-porphyry from Ryer$on mine; Xo. £11, Ctifton colUdion — Continaed. 

Per cent, 

p,05 : 12 

MnO 06 

BaO 10 

SrO 03 

Li,0 Faint trace? 

VjOj Faint trace. 

FeS,« i 24 

Cu^S?a 02 

ZnS?« 03 

MoOj None. 

100.34 

A fairly large amount of CaO and a strong preponderance of sodiun) dis- 
tinguishes this porphyry from that of the Metcalf type. A rough calculation 
shows the rock to contain: 

Percentage of minerals in quarU-monzonite-porphifry from RyevBon mine, 

Orthoclase molecule 16 

Albite molecule 45 

Anorthite molecule 10 

Biotite 6 

Quartz 22 

Titanic iron ore 1 

100 

While exact data can not be obtained, the rock probably contains equal 
quantities of orthoclase (mostly in groundmass) and albite, aggregating 38 per 
cent against 24 per cent Ab,An. 

It would thus represent an almost typical quartz-monzonite-porphyry, 
applying Professor BrOgger's definition of the granular rocks to their porphyries. 

Similar porphyries fresh enough to be determined were noted from the 
Longfellow mine and from the stoi)e level of the Copper Mountain mine at the 
head of the incline (Nos. 10, 211, 233. 220, 197 of Clifton collection). 

A gradual increase in calcium, iron, and magnesium brings us to another series 
of quartz-monzonite-porphyries, similar in appearance to those just described except 
that hornblende sometimes oicurs with the biotite, and that the fine-grained flinty 
groundmass is of a darker-greenish color. Quartz is not present as phenocrysts. 
This kind of pcjrphyry is not represented in the great stock, nor in any other 
large arenas, but i> common among the dikes. 

« 0.1-1 per '•.'III .*.: condition of zinc an<l copper problematical. 
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To this class belong some dikes in the second level of the Arizona Central 
mine at Morenci, one occurring near the breast of the Hudson crosscut and the 
other on the northwest wall of the Arizona Central vein, 200 feet northeast of 
the shaft. Both are grayish-green porphyries with small and closely massed, but 
inconspicuous, feldspar crystals. The rectangular prisms consist chiefly of 
andesine; there are a few small quartz grains and fairly abundant prisms of 
hornblende; the groundmass is microcrystalline, fine grained, in places micro- 
poikilitic, and evidently contains orthoclase. Of secondary' minerals epidote and 
pyrite are the most prominent. 

The long and prominent dike cutting across southward from Modoc Mountain 
(see p. 128) consists of a similar rock. The abundant phenocrysts are andesine 
and oligoclase, with some orthoclase. The ferromagnesian silicates are mostly 
decomposed, one prism of hornblende, now converted to chlorite and epidote, being 
noted. The groundmass is microcrystalline, consisting of quartz and unstriated 
feldspar. Some sericite and much epidote are present, the latter here and there 
replacing whole feldspar crystals. 

Many dikes east of Chase Creek also belong to this class; for instance, that 
which is followed by the Copper King vein. 

Under this heading may also be described an unusually fresh dike rock 
from the Montezuma mine, Morenci, Waters shaft level, 135 feet northwest of 
the main vein. In thin section it shows well-defined and abundant phenocrysts of 
andesine up to 2 mm. in length, while there are few, if any, orthoclase crystals. 
Both hornblende and biotite, with a few grains of black iron ore, are present. 
The groundmass is microcrystalline, consisting of quartz and minute prismatic 
feldspar crystals, the latter irregularly distributed within the small quartz grains. 
As usual, the biotite is converted to chlorite and some epidote, the latter also 
replacing some of the andesine; some calcite is present in groundmass and pheno- 
crysts, but very little sericite was noted. 

Petrography of dwrite-porphyries, — These rocks have usually a light-yellowish 
or greenish-gray color, weathering to dull brownish yellow; they form rounded 
outcrops with sandy soil, the abundant detached fragments being generally also 
rounded, but rather by disintegration than by transportation. The Gila con- 
glomerate below these porphyry hills consists nearly exclusivel}' of the same 
cobbles. The diorite-porphyries, as stated above, preferably form laccolithic 
masses in Cretaceous sediment^*, or sheets or sills, more rarely dikes, in the 
Paleozoic strata. A favorite place of intrusion of these sills is between the 
Coronado and Longfellow formations. 

The dome-shaped hill at Morenci, almost due south of the smelter, forms an 
excellent example of the occurrence and type of this rock. A specimen (No. 15, 
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Petrography. — ^The freshest rock is exposed in Sycamore Gulch, where there 
are no copper deposits connected with it. The rock forms dark-gray rounded 
outcrops and is a typical medium-grained diabase, chiefly composed of labradorite 
and augite with normal diabase structure. 

The Coronado vein (p. 339) follows in part of its course a diabase dike up 
to 70 feet wide, but the rock is usually greatly altered. A specimen from a 
small vein 200 feet above the Horseshoe shaft and the same distance south of 
the main vein is fairly fresh and is a typical tine- grained diabase. Although 
much augite still remains between the feldspar prisms, most of it is converted 
into chlorite. The feldspar contains some sericite. A little pyrite is also present. 
Rocks from the dike along the main vein are dull dark green and very much 
altered, showing lath-like sericitic feldspars, chlorite replacing augite, and leu- 
coxene replacing ilmenite. 

The Black lode (p. 360) follows a diabase dike up to 40 feet wide, similarly 
altered, and the other occurrences mentioned under the heading *' Distribution^ 
are also of the same type. 

Age, — As a dike of diabase breaks through porphyry in Gold Creek basin, 2 
miles due west of the railroad station at Morenci. it seems likelv that the diabase 
is somewhat later than the porphyry, but it is not probable that the time of 
their eruptions differed much. 

THE TERTIARY LAVAS. 

General statement. — North of Clifton the Tertiarv lavas cover enormous areas. 
The southern edge of the great lava fields, which probably extend northward for 
100 miles up to the San Francisco Mountains, is located a few miles north of 
Metcalf: besides, the same eruptive rocks practically cover the eastern side of 
.San Francisco River down to the latitude of Clifton and the whole vallev of 
Eagle Creek down to Gila River. ^Vithin the central parts of the mountains 
containing the copper deposits they are almost absent. In some places erosion 
mav have removed them, but it is not likelv that thev ever covered the domes 
of Coronado and Copper King mountains. Their age can not be determined with 
exactness, but many considerations point to the late Tertiary as their time of 
eruption. Copper deposits do not occur in them, though a little native copper is 
reported from an amygdaloid basalt in Sardine Creek. They have suffered very 
little from the great faulting movements which in the main must have preceded 
their eruption. Of little importance in a study of the metalliferous deposits, they 
will be briefly passed over in this i-eport, a fuller account of them being reserved 
for the text of the Clifton folio. 

S'/cc^^'Oti. — A repf*ated succession of rhyolite and basalts with subordinate 
andesites ehanu-terizer? the Clifton volcanic series. The eruptions began by rhyo- 
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lites, massive and tuffaceous, which now form the reddish bluffs on l)oth sides of 
the town of Clifton. This rhyolite, which in reddish groundmass carries small 
phenocrysts of feldspar, quartz, and biotite, is somewhat different in appearance 
from the yellowish gray, more normal, succeeding rhyolite eruptions. A partial 
analysis by Mr. George Steiger gave the following percentages: SiO„ 67.37; CaO, 
1.55; Na,0, 2.16, and K^O, 5.96, showing that this rock stands in a peculiar man- 
ner between the true rhyolites, the dacites, and the trachytes. The rhyolite was 
covered with black fine-grained basalts, over which poured out heavy sheets of 
gray or brown pyroxene-andesites, sometimes containing olivine. This is well 
exposed in the bluff northeast of Clifton. A few miles farther north, on the 
river, this is covered by thick flows of scoriaceous basalt, having their origin 
somewhere near Sunset Peak and thinning out very much along the river. 

A second eruption of rhyolite took place, this time in the form of light- 
yellowish or brownish tuff breccias. Most of these seem to have flowed down from 
the upper river, 10 miles north of Clifton, but there was also one local eruption 
of massive rhyolite near the mouth of Hackberry Gulch, a few miles north of 
the town. 

This eruption was succeeded by numerous basalt flows, aggregating 1,500 feet 
in thickness, well exposed by the deep trench of Sardine Creek, north of the 
area shown on PI. I. These basalts also show in dark-brown outcrops on the 
north side of Garfield Gulch, though they are there only about 300 feet thick; 
they also form the basement of Mount Malapais. To the same epoch belong 
probably also the basaltic flows which form the whole southern valley of Eagle 
Creek and the high ridges west of it. A considerable epoch of erosion followed 
after the second great basaltic eruptions; Eagle Creek excavated its canyon to a 
depth at least as great as it has attained at present, and the northern basalt hills 
were deeply trenched. 

After this followed the third and last great rhyolite eruption, which appears 
to have originated from the high points near Mount Malapais and the summits 
near the head of Whitewater Creek. The 3'ellowish-gray masses of tuff breccia, 
similar to those of the second rhyolite eruption in San Francisco River, poured 
down westward, covering the upper basin of Eagle Creek and, narrowing down 
to a thinner stream, filled the lower basalt can3'on of Eagle Creek. Renewed 
Quaternary erosion has reexcavated the trench, but along its steep buttresses 
enough of the rhyolite tuff remains to show the former configuration of the 
country. These bluffs, illustrated in PI. IV, B^ are very picturesque, the pleas- 
ing bright green of the cottonwoods and sycamores lining the watercourse 
appearing in sharp contrast against the glaring and arid desolation of the 
volcanic cliffs. 
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fractured masses. The effects of these dislocations by intruding magma are best 
seen in the confused geological structure of the lower Gold Creek basin. 

A most important structural line was determined by this intrusion. The 
direction of the stock was northeast, and the dike system at its noi'thern end^ as 
well as the mineral lodes formed later, followed the same strike. Certain prom- 
inent fissures with northeast strike, soon to be filled with cupriferous minerals, 
were opened shortly after the intrusion, and somewhat later began the principal 
faulting movements, the general results of which consist in a settling and breaking 
down of the edge of the mountains toward Gila Valley. 

FAULTING. 

The faults appear most abundant in the sedimentary area, partly because 
more easily identified there by aid of the members of a comparatively thin 
series of strata. This difference is partly due, however, to the fact that the two 
principal granitic areas, Coronado and Copper King mountains, occupy positions 
of resistant buttresses between which the fractured sediments have settled. In the 
porphyry stock there are undoubtedly many faults which have not been recognized. 

The fault planes divide the sediments into blocks of varying extent and 
shape; these are nearly always monoclinal and have gentle dips prevailingly to 
the west and north, rarely to the south and east; they average about 12^, while 
dips of more than 30° are very seldom encountered. 

CHARACTER AND DISTRIBUTION OF FAULTS. 

The faults are not difficult to trace in the sedimentary areas, for the different 
strata are ordinarily easily identified; the larger dislocations often, but by no 
means always, carry contact breccias, the best instance of this being the great 
Coronado fault. In places where the exposures are exceptionally good, as, for 
instance, south of Modoc Mountain, Morenci, a multitude of small dislocations 
may accompany the larger faults and it is sometimes difficult to decide which to 
represent on the map and which to leave out. The minor dislocations have seldom 
left any traces on the topography, except that they are sometimes, as near 
Morenci, followed by gulches; but the large faults around the buttresses of Coro- 
nado and Copper King are certainly still marked by precipitous bluffs. The 
best instance of this is seen back of the small limestone mass at the eastern foot 
of Coronado Mountain. 

The faulting is in most cases of a normal character, implying a relative 
downward movement of the hanging wall. The sections (PI. I) give convincing 
evidence of this. The strike of the fault planes varies greatly, but the two or 
three principal dislocations have an east-west or a northeast-southwest direction. 
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There is another system striking northwest-southeast, as shown near Morenci, but 
the planes dividing the smaller fault blocks are apt to take any direction. The 
faulting appeal's to have been confined to one epoch, the larger blocks naturally 
breaking first. The dip or hade of the dislocating planes is generally steep — 
over Q^P from the horizontal. In places flatter faults are met with, especially 
outside of the area shown in PI. I, and some of them are of very peculiar char- 
acter, the limestone having been separated from the underlying quartzite and 
drawn down over the more resistant granite. 

Beginning from the north, the great dome of Coronado Mountain, partly 
covered with gradually curved quartzite areas that bend down to the west and 
north, breaks off to the south and east by the Coronado fault. This at first has 
an east- west direction, but nearer Chase Creek evidently swings around northeast 
and is traceable to a point just west of the junction of Garfield Gulch and Chase 
Creek. The vertical throw is at least 2,000 feet in Horseshoe Gulch, where the 
fault is first seen emerging from under the covering basalts; 2 miles farther east 
it has decreased to 1,200, increasing again to 2,000 feet at the point where the 
dislocation dips under the volcanic masses north of Garfield Gulch, always count- 
ing the vertical distance between the base of the quartzite on the summit and that 
in the down-thrown block. The actual displacement on the fault plane may have 
been less on account of distributed movement in the granite, which is in part 
sheeted, but the prominent and imposing bluff along the lower slopes of the moun- 
tain indicates that most of the movement took place within a very short horizontal 
distance. The continued steep slope of Coronado Mountain west of Horseshoe Gulch 
indicates a probable continuation of this dislocation, now swung in a west-north 
west direction. Wherever determinable, the hade of the fault is from 46^ to 70^ 
south or east. Complicated fault blocks fill the '^graben'' or deep structural depres- 
sion about Metcalf, and then the Coronado quartzite (which, on account of its 
position on the granite and its frequent preservation, it is well to select as a 
guiding horizon) rises again, by step faults, and probabl}' also by bending, to the 
summit of the second buttress, the northeasterly trending Copper King Ridge. 
Xo quartzite remains on top of Copper King Mountain, but it is pi'eserved, at 
elevations of 5,8(M) feet, on the same ridge north of Sycamore Creek, and no great 
error is likely to occur in assuming that the summit mentioned (elevation 6,825 
feet) is near the now eroded base of the Coronado quartzite. 

The thrown block south of the Coronado mine is extensively broken by small 
faults, but on the summit of the ridge the quartzite continues almost level for 2 
miles southward. Here the quartzite bloc»k ends and a precipitous slope of 
granite leads down about 8<>0 feet to the level of the porphyry ridges connecting 
with Copper Mountain at Morenci. This escarpment probably represents the con- 
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tinuation of an important east-northeast dislocation, definitely recognized at the 
Cayuga and Soto prospects in Pinkard Gulch; it forms a second important step 
down from the heights of Coronado to the plains of the Gila. From the Soto fault 
down along the Eagle Creek foothills to the great porphyry laccolith, no important 
faulting has been recognized. This may be partly due to the great diflSculty of 
identifying horizons in the confused mass of porphyry and detached sedimentary 
fragments. The Soto fault has not been traced across the porphyry at Chase 
Creek; in fact, east of that stream the movement, as explained above, took place 
in an opposite direction by downthrow of the northern blocks, on account of the 
resisting buttress of Copper Mountain. 

About a mile northeast of Morenci the great Concentrator fault is encoun- 
tered. Granite and quartzite have been brought in juxtaposition by this for a 
vertical distance of 1,000 feet from the bottom of Chase Creek (Canyon to the 
summit of the hill at the Arizona Copper Company's concentrator. It is accom- 
panied by many step faults to the south until, on the east slope of Modoc Moun- 
tain, the quartzite has regained its position in the regular series there exposed. 
Here the movement on the principal plane has evidently been greater, gradually 
diminishing by step faults southward (PI. I, pocket). The Concentrator fault con- 
tinues across Chase Creek Canyon, rapidly gaining in vertical throw as the 
buttress of Markeen Mountain is approached. At the southerly foot of this 
mountain, east of Chase Creek, the down-thrown quartzite block is visible 
and has suffered a dislocation of at least 2,000 feet. The same fault line 
now crosses under the Gila conglomerate to Oroville and, still hidden, con- 
tinues on the northwest side of the San Francisco River in a north -northeast 
direction for several miles to Sycamore Gulch, beyond which it can not be 
traced. Although the actual fault plane is covered, the presence of the disloca- 
tion is amply proved by the Longfellow limestone, which is exposed for several 
miles along the bed of San Francisco River, indicating a vertical throw of 
3,000 feet, the greatest thus far shown in the district. The up-thrown block is 
marked by a precipitous wall of red granite, magnificently exposed for 6 miles 
along the west side of the river. Step faulting may possibly have occurred, but 
no trace of it remains and the sections indicate a dislocation confined within 
small horizontal distance. 

The Concentrator fault can not be traced far eastward into the porphyry stock 
north of Morenci. Southward of it, in the Morenci foothills, the sedimentary 
series is broken into blocks by three principal and many smaller northwest faults, 
along which divers displacements have taken place (PI. I). At the point in 
Chase Creek where the Morenci road turns up the hillside there is exposed on 
the east side of the canyon a very excellent illustration of the breaking up of 
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soon accumulated the Coronado sandstones, in the uppermost part of which scant 
shell remains point to a Cambrian age. Submersion and deposition continued 
unbroken during the Ordovician period, bat the sediments soon became prevail- 
ingly calcareous. The Silurian, properly speaking, seems absent, though no 
unconformity can be observed between the Ordovician Longfellow limestones and 
the covering, probably Devonian, strata. 

The sea grew more shallow, but no granite or quartzite remained above water 
to supph' sediments; these came from more distant quarters. The limestones 
became argillaceous and soon changed into clay shales, designated the Morenci 
shales. Both of these terranes have been referred to the Devonian on rather 
scant evidence from a meager fauna. 

Above the Morenci shales, in a deepening sea, were deposited a series of 
limestones, first dolomitic, then remarkably pure, and afterwards coarsely crys- 
talline — the Modoc limestone of the lower Carboniferous, or Mississippian, epoch. 
The sedimentation continued still further, and on top of these limestones was 
deposited another series, that of the Pennsylvanian epoch, or upper C^irboniferous, 
also appearing as heavy-bedded limestones. Throughout the whole of the Car- 
boniferous animal life was abundant and has been well preserved in the rocks. 

The time interval between the Carboniferous and the middle Cretaceous is 
not represented by any sediments; there is, on the contrary, evidence of an 
epoch of erosion, for the Cretaceous rests unconformably on the lower Carbon- 
iferous at Morenci, where the upper Carboniferous is not present. 

The disturbance was, however, not great and the later strata must have been 
deposited on the nearly horizontal, though partly eroded. Carboniferous. The 
last subsidence under the Cretaceous sea was of only moderate depth, the sedi- 
ments consisting of coarser sandstones and carl)onaceous shales, clearly not 
derived from the granite of this vicinity, but rather from somewhat distant land 
areas. The total thickness of Cretaceous is unknown; the larger part of the 
series may in fact have been removed by erosion. 

This long era of deposition without far-reaching erogenic disturbances was 
followed by intense intrusive activity, beginning in the earliest Tertiary, or in 
the latest Cretaceous. Masses of acidic porphyries, associated with diorite-por- 
phyries, invaded the lithosphere, tilled great spaces made for them by gradual or 
violent dislocations, and congealed to stocks, sheets, dikes, and laccoliths in the 
disrupted granite and sediment. These intrusions form practically one connected 
mass from Eagle Creek to Copper King Mountain, which has been exposed only 
b}' subsequent erosion. 

The intrusive bodies thus consolidated far below the surface of that time. 
Just how far is doubtful, but probably not more than 4,000 feet, and their 
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upper portions, and the laccoliths may have been covered by a very much smaller 
thickness of strata. « 

The porphyries in cooling produced far-reaching metamorphism of such of 
the adjacent sediments as were susceptible of this alteration, and the introduction 
of sulphides of various kinds accompanied the contact metamorphism. Shortly 
after the consolidation fissures broke open following the general northeast direc- 
tion of the stock and dikes, and were filled with cupriferous pyrite, zinc blende, 
and other minerals. Soon after the time of the intrusion an uplift must have 
taken place, raising the heaviW sediment-laden crust to high elevations, throwing 
them, as well as the underlying partly plastic granite, into gentle dome-shaped 
swells or anticlines. Finally, the load proving too heavy, the risen area broke 
into fragments, which gradually settled down, forming monoclinal blocks around 
the more resistant buttresses of Coronado and Copper King mountains, and frac- 
turing still further as they settled. 

The country was now a land area with rough topographic features, to which 
the faulting contributed important . elements. An active erosion following the 
epoch of faulting has not been able to entirely efface this influence, and, though 
obscured by the Tertiary lava flows, these fault scarps are still dominant features 
visible in the granite bluffs of Coronado and Copper mountains and the down- 
thrown valley between them. 

During this epoch of erosion the principal valleys, like those of Chase Creek 
and San Francisco River, were carved. San Francisco Valley is, however, 
primarily of structural origin, being determined by the great Oroville fault. 

Volcanic eruptions of great volume occupied the latter part of the Tertiary 
period, and consisted chiefly of thrice-repeated rhyolite and twice-repeated basalt 
flows, with subordinate masses of andesite. In places they are over 1,500 feet 
thick and almost entirely surrounded the old granitic buttresses. 

Next followed a second epoch of erosion, accompanied by deposition of thick 
detritus in front of the mountains — the coarse accunmlations which have been 
called the Gila conglomerate; much material for this was supplied by the enor- 
mous volcanic masses north of the plains. This epoch is referred to the early 
Quaternary. 

A notable depression in the level of deposition during the late Quaternary 
was followed by renewed activity of the streams, not only in the hills, but on 
the sloping plains of the Gila. The course of Eagle Creek, previousl}^ outlined 
between the second basaltic and third rhyolitic flows, became definitely estab- 
lished and rapidly deepened to a box canyon. Likewise the final course of the 
San Francisco was fixed, the river, under fresh impetus, sweeping out the Gila 
conglomerate from its upper course and cutting a canyon 600 feet defep in that 
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With all the diversity of form and content, a review of the deposits brin^ 
out one prominent fact. All of the ore deposits, except the small class connected 
with diabase dikes, are intimately associated with granite-porphyry or quartz- 
monzonit^-porphyr}'. They occur either in dikes or stocks of these porphyries 
or in sedimentary rocks or granite not far from the contact. There can 1h» no 
doubt whatever that some connection exists between the acidic porphyries and 
the ore deposits. 

The difference in accompanying gangue minerals is as striking as the diversity 
in form. The fissure veins in porphyries, granite, and similar acidic roc^ks 
contain a quartz-sericite gangue with little, if an}, calcite. The irregular and 
tabular deposits in limestone are followed by magnetite, garnet, epidote, pyroxene, 
amphibole, calcite, and quartz. Fissure veins in limestone are accompanied by 
quartz, magnetite, and amphil)ole as metasomatic minerals. 

It has long been conceded that the oxidized copper ores, like malachite and 
a;zurite, have been formed from sulphides by the subjection of the latter to the 
altering influences of atmospheric waters, containing oxygen and carbon dioxide, 
and that if the deposit admits being followed down to sufficient depth the unaltered 
sulphides will \)q found replacing the oxides, carbonates, and sulphides. 

A most important fact brought out by a study of these deposits is that 
chalcocite, the cuprous sulphide, Ca,S, is here likewise of a secondar}^ character, 
and that it has been deposited by reactions primarily due to the oxidizing 
influence of atmospheric waters on those deposits whi(^h erosion has brought 
sufficiently near the surface; proofs of this will be presented in a subsequent 
chapter. At present the deposits of commercial importance are mainly those 
which contain oxidized copper ores or chalcocite. In other words, the oxidizing 
action of surface waters seems to be necessary to enrich the deposits sufficiently 
for profitable exploitation. This is simply a statement of facts as far as our 
present knowledge of the district reaches, and by no means excludes the possi- 
bility that workable pyritic ore bodies may be found. Wherever the products of 
oxidation are absent, chalcopyrite and cupriferous pyrite, associated with zinc 
blende, form the ores, which ordinarily are of very low grade. 

Summing up, we have this preliminary classification of deposits containing 
payable copper ores: 

Deposits in limestone and shale, not connected with fissure veins ( all carry oxidixed ores 
almost exclusively; rarely chalcocite) : 
Irregular bodies near contacts of main stock or dikes. 
Tabular Ixxlies near contacts of main sto(;k or dikes following stratification. 
Tabular Inxiies, following contacts of porphyry dike. 
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Fissure veins: 

Normal veins in porphyry or in any of the other rocks near porphyry contacts. 
The pay ])art includes both the central, sharply defined veins and the surround- 
ing partly replaced porphyry, forming together a lode. They carry chalcocite 
as the important ore. In upper levels they sometimes also carry oxidized ores. 
Normal veins, following porphyry dikes in granite, and carrying chalcocite and 

oxidized copper ores. 
Normal veins following diabase dikes. These carry chalcocite and oxidized copper 
ores. 
Stockworks. Irregular disseminations in i)orphyry, quartzite, and other roc'ks. Contain 
chalcocite and oxidized copper ores. 

This classification is based on the occurrence and form. A more j^eneral genetic 
system, given in another chapter, will show a somewhat different arrangement. 

GEOGRAPHIC DISTRIBUTION. 

The copper deposits are scattered over a belt of country 3 to 4 miles wide, 
beginning at the Eagle C'reek foothills, extending in a northeast direction across to 
Chase Creek, and thence gradually narrowing to a point in Sycamore Gulch on the 
Copper King Ridge. The length of this belt is 8 or 9 miles, and it is practically 
coextensive with the great porphyry stock and its northeasterly dikes, a fact of the 
greatest importance, substantiating the assertion on a preceding page that the 
copper deposits are most intimately connected with the porphyry. 

The southwestern part of the belt contains scattered deposits of no great 
present value, consisting of irregular masses in limestone and small fissure veins, 
many of which in Gold Creek basin and vicinity contain some gold. Morenci 
on the southeastern contact, between porphyry and limestone, is one of the most 
important points. The limestones close to the main contact and between dikes 
contain irregular and tabular deposits of very rich oxidized ores. The Longfellow, 
Detroit, and Manganese Blue mines belong to this class, now almost exhausted. 
Moreover there exists on both sides of the main contact a most important system 
of northeasterly trending veins containing enormous deposits of low-grade chal- 
cocite ores, changing to poorer primary sulphides at varying depth. Such chal- 
cocite ore the great Ryerson, Copper Mountain, East Yankie, and Arizona Central 
mines are exploiting. A number of prospects, mostly fissure veins, are scattered 
between Morenci and Metcalf, a second great center of the mining industry. At 
Metcalf the Shannon copper mines are being worked on irregular and tabular 
bodies of oxidized ore in limestone close to the main porphyry contact, while 
some porphyry dikes and part of the main porphyry stock are valuable on 
account of dissemmated chalcocite and its products of oxidation. 
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At the old Metcalf minen irregular bodies of chalcoeite ore are contained in the 
8oft and sericitic granite-porphyry. Across King Gulch is located the King noine, 
one of the best-defined fissure veins of the district. Two miles west of Metcalf 
and high up on the ridge above it is the Coronado lode, a large deposit located 
on an important fault fissure and connected with a diabase dike. Irregular 
deposits in limestone and fissure veins of some value occur near Ghtrlield Gulch 
on the northwest side of the porphyry stock. Northeast of Metcalf on the 
Copper King Kidgo a great number of fissure veins occur, nearly always following 
porphyry dikes in granite, but few of them are of great economic importance. 
The largest de[K>sit is found near the summit of Copper King Mountain, and is 
known as the Copper King mine. In the extreme northeast end of the copper 
belt the amount of copper ore on the veins decreases, and instead a considerable 
amount of gold appears, a metal which, together with silver, is almost entirely 
absent from the Morenci deposits and very sparingly present in the Metcalf 
district. 

The granite mass of Coronado Mountain, the southern part of the Morenci 
Hills, including the great laccolith of diorite-porphyry and the sunken limestone 
block oAst of San Francisco River, are Imrren of copper deposits. Barren, like- 
wise, are the Tertiary basalts, rhyolites, and andesites. 

Morenci and Metcalf are the only important places where the Paleozoic lime- 
stone, which api^ears to l)e the most favored locus of the ores, c^mes in close 
contact with the great porphvry stock, and at both these places most extensive 
and interesting alterations have taken place in the sedimentary rocks near that 
conta4*t — alterations which, as will be shown, are due to metamorphism exerted by 
the molten intruding magma on the limestones. A similar metamorphic action is 
noted in almost all cases where the sedimentary rocks come in contact with granite- 
|X)rphyry or quartz-monzonite-porphyry, while at the contacts of the diorite-por- 
phyry these eflfects are far less pronounced. 

On the whole, the ores throughout this region are so closely connected with 
metamorphic processes of various kinds that it will })e necessary to study these in 
more detail before the ore deposits can be intelligently described. 

MINKHAl^W. 

Tlic following list gives the modes of occurrence of the minerals known from 
the Clifton district, and also, in case of rarer species, their composition and phys- 
ical characteristics. Kight or nine of the ore minerals have not been previously 
described from the district, one (li})ethenite) is new to the United States, and two 
(coronadite and morencite) are considered as new mineral species. 
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Copper, — Metallic copper is always a secondary product in the copper 
deposits at Clifton. It is rare in the irregular limestone deposits, occurs some- 
times in the lodes in porphyry, and is frequent in the upper levels of the veins 
which cut through shale, limestone, and associated porphyry dikes. Principal 
occurrences are in the Metcalf mines and in the Williams vein of the Arizona 
Central mine, at Morenci. As a rule the copper is associated with cuprite at 
the upper limit of the chalcocite zone. It has been found at the Shannon mine 
in limonitic and kaolinitic porphyry in spongy masses of bronzy color, consisting 
of small distoi*ted crystals. In the Metcalf open cuts it is found in large 
irregular masses, intergrown with cuprite and covered with carbonates, silicates, 
and sulphates of copper. The matrix is a sericitic chalk}' porphyry. At the 
same mine it occurs in stopes 40 feet above Wilson level, about 200 feet below 
the surface, in sericitic porphyry, included in cuprite and also associated with 
chalcocite. At Morenci it occurs with chalcocite and cuprite in the Joy vein, 
200 feet below the surface. It is also common in fine distribution all along the 
Williams vein. On the intermediate level of the Arizona Central mine, 400 feet 
from the shaft and about 200 feet below the surface, a vein of solid copper was 
found in the Williams vein. It occurred in sericitized porphyr}-, which all along 
contains a little chalcocite and native copper. The vein formed a sheet of 
copper, in places 8 inches thick, standing nearly vertical and striking east- 
northeast. It was followed down to the third level, where, however, it is less 
well defined and splits up into several seams. This copper had in places a 
remarkable, fibrous structure, perpendicular to the plane of the vein, such as 
occasionally is exhibited by the chalcocite seams, of which it is believed to be a 
pseudomorphic development. In one specimen two sheets of copper were found 
separated by sooty chalcocite. The direct reduction of chalcocite to copper without 
the intermediary stage of cuprite has not found a ready explanation. In the 
Butler and London tunnel a little native copper was found in a seam of dark clay 
300 feet below the surface in an unproductive part of the workings. 

Oold. — Occurs native with galena in the Hormeyer mine, a fissure vein in 
limestone on the ridge between Chase Creek and Morenci Canyon, 2 miles south 
of Morenci, and in many small seams and fissures in Gold Gulch and vicinity. 
As placer gold it is found in Gold Gulch, as fine flakes in the gravels along the 
Morenci Canyon, about 4 miles below the town, and in several places in gravels 
along San Fi*ancisco River, the best prospects occurring near Oroville, where 
washing has been attempted. 

Qiuirtz, — This mineral is of common occurrence. It is an important constit- 
uent of the granite and of the quartzite derived from that rock. It occurs in 
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the form of cheil or tiiie-^rained varieties in the Longfellow limestonen. It 
further forms bipyramidal crystals in the granite-porphyry and quartz-monzonite- 
porphyry and also enters into their groundmass. In the metamorphosed lime- 
stones it is found in small quantities. As seams and veinlets it is abundant in 
altered porphyr}' and in the granite near the porphyry. It forms a small |)art 
of the great productive veins of pyrite and chalcocite. Finally it is a product of 
surface oxidation of metamorphic limestone, the lime-iron garnet especiall}' forming 
quartz and limonite up<m oxidation. In the veins and seams the quartz is very 
rarely crystallized, the only exception l)eing found in certain parts of the Fair- 
play veins, at Morenci, and in a peculiar filled vein of drusy quartz, pyrite, 
dialcopyrite, and zinc blende, crossing the Lone Star tunnel (see p. 279). When 
due to surface oxidation of the metamorphosed limestone, small druses of crystals 
mav also l)e formed. 

Chalcedony, — Part of the cherty material in limestone may more properly 
come under this heading than under quartz. Specimens of this mineral were 
also found loose on the surface of Shannon Mountain. Microscopically it was 
observed occasionally formed together with quartz and kaolin during the process of 
chalcocitization of thjB pyrite. Opal is also deposited at times during this process. 

Zircon, — Occurs as microscopic crystals in the granite and in the porphyry. 

RutU^. — Dark-brown microsc*opic prisms determined as rutile are of common 
occurrence in the sericitized porphyry and are probably due to alteration of 
titaniferous magnetite. 

Mdgn^ite. — This mineral occurs sparingly as irregular grains in the granite, 
diorite-porphyry, granite-porphyr}^ diabase, basalts, and andesites of the region. 
In part, however, especially in the more basic rocks, titano-magnetite and iimenite 
replace the normal mineral. In great quantities the mineral appears in the contact 
metamorphic limestones and dolomitic limestones, where it is associated with garnet, 
amphibole, pyroxene, and sulphides. In structure it is usually granular, bat 
when disseminated in limestone it also occurs in crystallized form. It is found 
wherever contact-metamorphic alteration has taken place: especially large masses, 
economically important as flux for smelting purposes, oc<.*ur in the Manganese Blue 
and Arizona Central mines, as well as on the hill slope southwest of the latter 
mine. A large body also occurs in the gap where the road to Eagle Creek descends 
into the Gold Gulch Valley. To a minor degree it is also formed as a meta- 
somatic product in limestone, rarely in poiphyry, along the walls of the fissure 
veins which cross these roc'ks. It alters to limonite and sometimes also to hema- 
tite, as well shown in the "'iron stopes" of the Manganese Blue mine. 
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Hematite. — Occurs somewhat sparingl}- a.s a product of contact metaniorphism 
associated with quai*tz, garnet, epidote, and magnetite; associated with quartz in 
contact breccias of granite and porphyry at Metcalf. Occasionally it occurs as 
translucent foils in vein quartz. Sometimes it is due to surface oxidation of 
magnetite and garnet, as at the Modoc mine, at Morenci. 

Limonite,--Th\s mineral is very abundant within the zone of surface oxidation, 
and is always chaiucterized by earthy appearance and yellowish-brown c^olor. 
Most of it appears in the oxidized limestone deposits and in the decomposed meta- 
morphosed limestones. In porphyry it is less abundant, though everywhere present 
in small quantities in the uppermost oxidized zone. Larere masses occur asso- 
ciated with kaolin in the East Yankie mine (Longfellow deposits) and with magnetite 
in the Manganese Blue mine. Under the microscope it is translucent, yellowish- 
brown, with strong, double refraction and aggregate-tibrous structure between 
crossed nicols. 

Pi/rolHsit<\— Common in black, often sooty, masses in the zone of surface 
oxidation of metamorphosed limestones and in the copper deposits contained in 
this rock. Associated with quartz, azurite, and malachite. Not found as a struc- 
turally distinct mineral; often mixed with limonite and hematite. 

Cororutdite, — On the dump of a small shaft on the west end of the Coronado 
vein, three-fourths of a mile west of Horseshoe shaft, fairly large amounts of 
a dark metallic mineral were found intimately intergrown with quartz and decom- 
posing into limonite. The vein at this end shows no copper minerals, but is 
stated to contain some gold; its surface ores are repoiled to have been worked 
in an arrastre in the early days of the camp. In color this mineral is black and 
its structure delicatelv fibrous. The hardness is about 4 and the streak black 
with brownish tmge. 

A thin section pioves it to be opaque and in reflected light its fibrous and 
homogeneous structure is well brought out. It cements angular quartz grains 
and its secondary nature is clearly indicated. In general aspect it is not unlike 
psilomelane. A preliminary examination })v Dr. W. F. Hillebrand showed that 
it contained the oxides of lead and manganese: as it did not seem to correspond 
to any known mineral si>ecies a separation and analysis was made by Doctor 
Hillebrand, who states his results as follows: 

••Long-continued efforts by the use of heavy solutions to secure pure material 
for analysis were not attended with success. The ultimate product of specific 
gravity, 5.246 at 22 . yielded, on decomposition by hydrochloric acid, a residue 
of from ♦i to 7 per cent, which consisted mainh^ of silica, with a small amount 
of alumina, etc. Its presence would not have mattered much had it been (|uit(» 
indifferent to acids, but its partial solubility, as shown by the varying amounts 
undissolved on different trials and similar varying amounts of alumina and i)er- 
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haps other minor ingredients found in solution, render the calculation of molecular 
mtios not altogether ctMtain in all cases. The composition as found is: 

Atuilyi*it( of coroundite from Voronado rein, Arizona. 

IVr oent. 

MnO, "o6. 13 

MnO 6. 66 

Pb<) 26.48 

Zn( ) 10 

Cu( ) 06 

MoOh 34 

AlA ^.63 

Fe/), 1.01 

H,() 'M.03 

Insoluble and nil icai 7.22 

CaO, Mgi ), alkalies, an<l lo«* 4»S 

100.00 

''The material available did not admit of determining quantitatively the vana- 
dium, which may he present in rather more than a mere trace, but neither it nor the 
phosphorus can influence materially the ratios given below. The vanadium would 
be effective in two ways: (1) By requiring a l)ase for its neutralization, if existing 
as an acid constituent, and (2) by liberating chlorine when acted on by hydrochloric 
acid, and thus affecting the values found for peroxide oxygen. If the iron exists 
in the ferrous state, it, too, would affect the values found for the peroxide oxygen, 
and consequently for both the oxides of manganese. Assuming it to so exist and 
applying the proper corrections, also deducting from the lead oxide an equivalent 
for the molybdenum, assuming its existence as molylxlate of lead, the following 
are the results: 

MfAerular ratio uf cttrfjnaditf. 

MnO, 56.68H S7. = 0. 6515 =:H.00 

MnO 6. 11 : 71.0= .0861 

PW) 25.96-1-222.9= .1165 

FeO 91 : 72.0= .0126 

ZnO 10-i^ 81.0= .0012 

CuO a5 : 79.0= .0<X)6. 

H,0 1.08 : 18.0= .a572 = .264 

*' If the mineral is to be regarded as anhydrous, the comparatively simple formula 
R" (Mn,0-)" satisfies the above ratio, and it may b<> written structurally: 

o = Mi/^'' o 



^.217 = 1.00 



o 



0= Mn^'" 




O^^Mn'^" O 

in which II" = Pb" or Mn". This is to l)e regarded as a .saturated salt of one of 



•» Mean of .V».10 ami .Vi.l»;. Total Mn ns Mn( ) from MnS04. .V2.3H imt ftril. IVroxido oxj^en. 10.81 per Mat. 

^ With A littU' Ti()-. IV>:. hikI V.-O... 

••State of oxidation not known. 

«* Nothing lit KMr^. only 0.1 1 jht rent U'low MP. 
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the numerous possible derivatives of ortho-manganous acid that ma}' be derived 
from it b}^ removal of water, in the present case as follows: 

3H,MnO, - 5H,0 = H^MnA- 

An acid of the same empirical formula would result by removal of two molecules 
of water from three of metamanganous acid, HjMnOj. 

''It is probably best to rest for the present content with the above relatively 
simple formula and to regard the water found as due to incipient alteration. But if 
the water is to be considered as wholly or in part essential, and, furthermore, con- 
stitutional — and this may very well be the proper view to take — then the formula 
becomes much more complex, namely, R"4Hg (MuigO,,), when none of the water is 
allotted to the foreign matter. This formula is still referable graphicallj^ to a more 
highly condensed manganous acid and a number of isomers would be possible. 

'*Such intricate formulas as this should not cause the least surprise, however 
unlikely they may at tii*st appear to be. The great number of manganites, in varying 
degrees of saturation and hydration, observed in nature and prepared artificially, 
some of them of even greater complexity than the above, are certainly not all mix- 
tures of only a few simply constituted molecules. A very short study of the graphic 
formula corresponding to the above empirical formula R"4H, (MuigOj,) will show 
what a vast number of closely related bodies are theoretically possible by hydrating 
the molecule step by step, or by adding to or reducing the number of divalent atoms, 
or substituting for them those of another valance. Similar varieties in great number 
would be derivable from other condensed manganous acids of both higher and lower 
orders, and it is plain that because of the very slight differences in percentage com- 
position between many of them it is almost as hopeless to expect analysis to reveal 
the exact empirical fornmla in the majority of cases as it is for the enormously com- 
plex albuminous bodies of organic chemistry. This is especially true because in so 
many cases the mineml manganites described are far from being homogeneous 
species. They are either mixtures of two or more of these closely related complex 
molecules or else are contaminated by foreign bodies. It is not surprising then that 
so many compounds of uncertain formula that ma^^ be regarded as salts of manganous 
acid have been prepared in the laboratory or are found in nature. From the known 
tendency of these bodies to form under laboratory conditions which ma}' very well 
be repeated in their general character in nature, it is to be expected that a vast 
number of mineral manganites should exist, and it ought rather to excite surprise 
than otherwise if two or more are not formed simultaneously from the same solution. 
This, together with inherent difficulties of analysis, would offer a' simple explanation 
of the fact that so few of the analvses made lead to rational formulas. If formed 
from solution their original state might well be one of hydration, either as regards 
water of cr3^stallization or of constitution. The temperature at which the water is 
expelled in the present case indicates constitutional water." 

A search of the literature has not revealed a native manganite carrying a 
high percentage of lead, although artificial compounds have been prepared. For 
this reason, and because of its distinctly crystalline character, the present mineral 
seems worthy of receiving a specific name. The one proposed is coronadite, 



106 COPPER DKPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

after the famoas explorer of that portion of the American continent from which 
the Territories of New Mexico and Arizona have been formed. 

Cuprite, — Cuprous oxide, Cu^O; 88.8 per cent Cu. This handsome dark -red 
translucent mineral, oft^n beautifully crystallized in <'ubes or distorted capillarv 
form (chalcotrichite), occurs at Morenci and Metcalf as a product of surface 
oxidation. It formed an important part of the Longfellow ores, but is otherwise 
not common in the deposits in limestone. Its normal occurrence is at the uppt>r 
limit of the chalcocite zone as a product of dei^ompasition of the latter mineral; 
as, for instance, on the second level of the Joy vein and on the water-shaft level 
of the Montezuma vein; in the Arizona Central mine on the deepest levels, 200 to 
3(M) feet below the surface, near the contact of poii)hyry and metamorphic rock, 
where it is often deposited on magnetite and associated with limonite; in the open 
cuts and on the Wilson level of the Metcalf mine as irregular veinlets in serici- 
tized porphyry, where, as often elsewhere, it is intergrown with native copper. 
It is also frequently found distributed in tine scales on the joints of the altered 
clay shale of the Arizona Central, the Detroit, and the Manganese Blue mines. 

Pyrlte. — FeS,. This is the only iron sulphide observed, marcasite and 
pyrrhotite** not being known from the district. It is extremely common in dis- 
seminated form and in veinlets in the metamorphosed limestone and shale, and 
sometimes in quartzite and granite. It is equall}"^ common in the altered porphyry, 
where it is always associated with sericite, and is found on the fissure veins in 
porphyry and in metamorphic rocks in large masses often several feet wide and 
sometimes, as in the Joy vein, 50 feet wide; here it generally occurs as coarsely 
granular masses with occasional small crystals showing in drusy cavities. Larger 
well-developed crystals are not common, but are found with quartz in the Hudson 
and Fairplay veins, as well as in a small filled vein in the Lone Star tunnel, all 
at Morenci; the usual combination in this case is cube and pyritohedron. The 
cK'currences in almost all cases except those just mentioned indicate origin by 
replairement of limestone, shale, or porphyry. 

dhalcopyrlte, — FcjCugS^; 34.6 per cent Cu. This mineral occmrs sparingly on 

the lower levels of the veins of Morenci, intergrown with pyrite and zinc blende; 

* 

also in similar position in veinlets or disseminated in porphyry. Rarely it is 
assoi'iated with chalcocite, as was the case in the Black stope of the second level 
of the Ryerson mine; such a connection would suggest its origin as due in this 
case to secondary sulphide formation by solutions from above, for it is known 
that chalcopyrite, as well as chalcocite, may form under such conditions. The 
mineral is very abundant in disseminated forms, as well as in veinlets, in the 
nu^tamoiphic limestone of Morenci; also in shale in the Shannon mine. It may 

'< Grain.M of pyrrhotite were utwerved iu u contact-mi'tamori>hi<' ("retaceous 8bale from lower Gold Creek. 
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form irregular aggregates or grains in otherwise little-altered limestone near the 
porphyry contacts, or occur intergrown with garnet, epidote, or pyroxene in the 
highly altered rock, almost always being also associated with magnetite, pyrit-e, 
and zinc blende. Much of the p3^rite from the lower levels of the Morenci vein, 
and also that disseminated in other rocks like quartzite, contains about one-half 
per cent of copper, probably due to a mechanical admixture of chalcopyrite, 
difficult to detect either by the naked eye or by the microscope. 

Z«W blende (sphalerite). — This sulphide occurs under practically the same con- 
ditions as chalcopyrite, with which it is usually associated. It is common, dis- 
seminated in the hard limestones or metamorphic rocks, and is also frequent in 
the lower levels of the vein, where it is associated with much pyrite and some 
chalcopyrite. It is not known to occur in oxidized deposits or in the zone of 
sulphide enrichment, nor is it formed by these secondary processes anywhere in 
the district. As an exceptional occurrence it is found crystallized with pyrite, 
chalcopyrite, and drus}' quartz on a tilled vein in the Lone Star tunnel. Its 
forms are a combination of cube and two tetrahedrons (Penfield). The zinc 
blende is easily oxidized, and, aside from a few rarer occurrences, its products 
only appear as efflorescing sulphates on the walls of the mine workings in the 
upper oxidized zone. 

Gdlena, — Of rare o<'Currence; reported from the Stevens group near Garfield 
Gulch, from the fissure veins of Dorsey Gulch, and from a few other localities. 

Molyhdenite, — MoS. This mineral is frequently found in the Morenci fissure 
veins in primary association with pyrite, chalcopyrite, and zinc blende; analyses 
have also revealed its presence in small quantities in the ordinary smelting ore. 
As dark-gray foils it occurs in a quartz vein in granite on the northeast side of 
Chase Creek 1 mile above the Longfellow incline, associated as above. Micro- 
scopically it was noted in the deep levels of the Montezuma pyrite vein, where 
it formed dark-gray fluffy aggregates in quartz (PI. XII, A), 

Chalcocite. — Cu^S; 79.8 per cent Cu. The cuprous sulphide is very common 
in the Clifton district, in fact constituting at present the principal valuable 
mineral in the ores. It occui*s, chiefly intergrown with p\'rite, in the altered 
porphyry as disseminated gmins or as solid seams or veins, which rarely exceed 
2 or 3 feet in thickness. It is never crystallized, but has ordinarily an earthy 
or sooty appearance and black color; scratehing it with a knife reveals the semi- 
sectile character and metallic luster. In a few small massive veinlets the normal 
metallic luster and dark-gray color appear on fractures; a fibrous or colunmar 
structure of the mineml is known on small seams in shale from the Montezuma 
mine. The mineral prefers porphyry, and the great bodies of ore now worked 
all occur in. this rock, but it is not entirely unknown in the irregular deposits 
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in limestone generally carrying cuprite and copper carbonates. A partial analysis 
of massive chalcocite from the Montezuma mine, Morenci, gave (W. F. Hille- 
brand, analyst) 96 per cent Cu^lS and 2A per cent FeS,, the latter probably 
mechanically admixed. 

The chalcocite is everywhere, in this district, a secondary mineral, formed 
by the replacement of pyrite by^ means of descending solutions of cupric sulphate. 

PI. XIV illustrates the typical appearance of the chalcocite ore. The depo- 
sition of the mineral was accompanied by the formation of quartz, chalcedony, 
and kaolin. In the veins in porphyry the chalcocite ore begins 100 to 200 feet 
below the surface and continues to a depth of 400 feet, or even more, when it 
is usually replaced by pyrite, chalcopyrite, and zinc blende. 

Covellite and hornite. — Rarely observed minerals. Covellite was noted from 
the Ryerson and Montezuma mines. 

Antimonideit and arsenides. — These minerals are not known to occur in the 
district. Analyses of flue dust reveal very small quantities of arsenic and antimony. 

Tellurides and nrlenld^^. — The same statement applies to these minerals. As 
shown by the flue-dust analysis (p. 39), a minute amount of tellurium must be 
contained in the ores. This asscx'iation of (*opper and tellurium has been noted 
before, and it is known that in copjier refining some by-products contain a con- 
siderable quantit}' of that element. 

Feldspars, — Orthoc^lase, as i*eddish grains, is found in granite, and sometimes 
in the clastic rocks derived from it; likewise in the phenocrysts and groundmass 
of granitic and monzonitic porphyries and in rhyolite. Microcline and perthite 
occurs in granite; albite in granite and in granite-porphyries. Acidic oligoclase 
is found in the latter rocks and in the monzonite-porphyry; labradorite and 
andesine in diorite-porphyrv. diabase, and basalt. Feldspars of all kinds are 
conspicuously absent in the metamorphic rocks and in the pyrite veins. 

Gaimet. — (larnet oi'curs in the Clifton district, exclusively in the altered 
limestones; it is throughout, as far as known, an andradite or lime-iron garnet 
of typical composition, yellowish to dark-brown color, and usual resinous luster. 
For analyses see page 134. Commonly occurring in massive form, it sometimes 
appears as small crystals of usual dodecahedml form, embedded in calcite, and is 
frequently revealed hv the mi<'roscope in well-defined hexagonal sections in the 
limestone dose to more extensive areas of garnet. The larger masses are iso- 
tropic, but the crystals ordinarily show the optical anomalies of the species, 
consisting in sectors and concentric Imnds with double refraction; this is usually 
feeble with light-gniy colors, but in places bright-yellow interference colors are 
noted. 
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The garnet when derived from the pure limestones of the Modoc formation 
forms large masses 50 to 100 feet thick, as on the western slope of Modoc Point 
at Morenci and on top of Shannon Mountain at Metcalf. The siliceous and dol- 
omitic limestones of the Longfellow formation both at Morenci and Metcalf also 
contain garnet in places, irregularly distributed together with epidote, pyroxene, 
and magnetite, as in the Yavapai, Manganese Blue, and Arizona Central mines, 
and many other places. The only place outside the immediate vicinity of 
Morenci and Metcalf where garnet has been found is in Gold Gulch and Pink- 
ard Gulch, and here only in smaller masses. 

Garnet frequently occurs intergrown with magnetite, pyrite, zinc blende, 
and chalcopyrite (Pis. VII, IX, and X, A). It decomposes to quartz and limonite, 
the lime being carried away as carbonate. Other products of oxidation associated 
with it are malachite and azurite. 

Amphzbole, — Common hornblende forms part of the diorite and some of the 
monzonite-porph^^ries, and occurs in places in the granite. A colorless amphibole, 
which the analysis of a rock containing it shows to be tremolite or the nearly 
pure metasilicate of magnesia and lime, occurs in the metamorphic dolomitic lime- 
stones of Morenci and Metcalf and also in altered shades, always forming minute 
or microscopic prisms of normal optical behavior. It is also formed in the lime- 
stone wall rock of p^^ritic veins at Morenci and Metcalf. The tremolite weathers 
to chloritic and serpentinoid minerals, sometimes also to a variety of asbestos. 

Pyroxene. — ^The common augite forms part of the diabases and basalts, but 
does not occur in the porphyries. A colorless variety, apparently corresponding 
to pure lime-magnesia pyroxene, or diopside, is of very frequent occurrence in 
the metamorphosed limestones of the Longfellow formation. The manner of 
formation by metasomatic replacement is shown in PI. VII, B, The association 
is with the other contact-metamorphic silicates, magnetite, and sulphides. It ma}' 
also form in the limestone wall rock adjoining pyritic veins. Like the tremolite 
the diopside alters near the surface to chloritic and serpentinoid minerals. 

Epidote, — This yellowish-green mineml, a silicate of lime, ferric iron, and 
alumina, appears as a secondary product in the feldspars of some monzonite and 
diorite porphyries. Its principal occurrence is, however, in the ni(?tamorphic 
rocks, where it is in intimate intergrowth with garnet, magnetite, pyroxene, 
pyrite, chalcopyrite, and zinc blende; frequent in the altered Longfellow lime- 
stones, sometimes in large masses, as at the Joy mine, third and fourth levels. 
It occurs further, abundantly in places, in the altered Devonian and Cretaceous 
shales on the ridge west of the Arizona Central, as far west as the Eagle Creek 
road at the gap leading down to Gold (xulch. In metamorphism along dikes it is 
the mineral usually immediately adjoining the porphyry. 
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seldom found in the United States, the only recorded occurrences being at the 
Bon Ton mines, Chase Creek, near Clifton, Ariz., as noted by R. C. Hills,' and 
from near Riverside, Pinal County, Ariz., as noted by W. B. Smith.* Well- 
crystallized specimens were found on an old dump of the Stevens group of mines, 
on the west side of Chase Creek, near Garfield Gulch (p. 351). They occurred in 
a small chimney of chrvsocolla ore in limestone, now worked out, in a locality 
believed to be the same as that described by Mr. Hills. The dioptase crystals 
were submitted to Prof. S. L. Penfield, who remarks on them as follows: 

^^The crystals, measuring from 1 to 2 mm. in diameter, occur closely grouped 
together, lining cavities in a brown ferruginous gangue impregnated with amor- 
phous green material which is probably chrysocolla. The color of the dioptase is 
a beautiful emerald green. The habit of the crystals, shown by the accompanying 
figure [PI. VII, E, F\^ is that which is most commonly observed and is especially 
charac^teristic for dioptase; prism of the second order a (1120), terminated chiefly 
by the rhombohedron of the first order h (02^1), and with small faces of the 
rhombohedron of the third order x (1331). As is common on this species, the 
prismatic faces are vicinal and the a and r faces are striated parallel to their 
mutual intersection edges, hence the crystals are not suited for getting accurate 
measurements of the angles with the reflection goniometer. One crystal was 
measured, and the angles of one of the rhombohedral zones, given below, are 
sufficiently close to the calculated values to establish the identity of the forms. 

Tnhle nf (intjlen menaured. 

MeaMureil. ('alculated. 

a X, 1120 1:M1 = 28° 55^ 28° 48'. 

/» x', 0221 2021 = H3 4K 84 33. 

8' a'^ 2021 1120 = 48 18 47 43. 

B}- crushing some of the mat(»rial, enil)eddiug in oil under a cover glass, and 
examining in convergent polarized light, occasional fmgments were found which 
gave a normal uniaxial interference figure, with numerous rings indicating high 
birefringence. The chamcter of the })irefringence was found to be positive. 
Thus, in all of its crystallographic and optical relations the material studied is 
like typical dioptase from other localities." 

Chryf<ocolfa, -CuSiO^+nlljO; 3(5.05 i)er cent Cu. This mineral occurs 
very commonly in the oxidized part of the deposits, but does not, except in 
some cases, constitute an iin[)ortant ore. On the whole it is more abundant in 
the deposits in porphyry and granite than in those in limestone. The usual 
bluish-green or dirty-green colors and conchoidal fractui'e characterize it It 
occurs in scams or coatings at many of the mines, abundantly in the Mammoth 
mine on contact fissures between ix)rphyry and limestone; at several prospects on 
the Stevens group in Chase Creek near (Jai-field Gulch; in the Las Terrazas fissure 

"HIUm, R. C. Am. Jour. Sci., 3d ncr.. vol. 23, IWJ. p. 325. bProt-. Colorado Scl. Soc.. vol. 2. 1887, p. 159. 
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vein in porphyry near Metcalf; at the Metcalf mines; at many of the prospects 
between that place and Morenci, and at the Modoc open cut, Morenci. A technical 
analysis of chrysocolla ore from Las Terrazas mine by the Arizona (^opper Com- 
pany gave: 

Analym of chrynocoUa ore from Las Terrazas mine. 

Per cent. 
SiO, \ 31. e5 

CuO 34.90 

H,0 26.30 

AlA 3.80 

Undetermined 3. 35 

Normal chrysocolla .should have 34.2 per cent SiO^, 45.2 per cent CuO, and 
20.5 per cent HgO, but the analyses show great divergency, many probably being 
mixtures. Moreover, what has been called chrysocolla probably includes two 
mineral species. 

The optic4il characteristics of chrysocolla seem imperfectly known. Dana 
states correctly that it is cryptocrystalline, while many other text-books, notabl}- 
one issued in 1902 by Professor Miers, call it ''amorphous.'' 

In most cases the mineral indeed seems cryptocrystalline with bluish-gray 
colors of interference. But this is b\' no means universal. Chrysocolla from the 
Modoc open cut appears as manmiillary crusts of bluish-green color on " copper- 
pitch ore.'- The latter is isotropic and undoubtedly a distinct mineral from the 
chrysocolla; it is of a brown color in varying tints, some of it opaque and showing 
evidence of concentric deposition. On top of the chrysocolla are thin crusts of 
quartz and some calcite. The chrysocolla has three different structural forms, as 
seen under the microscope: (1) Cryptocrystalline to microcrystalline aggregates of 
particles with high birefracting index; (2) very fibrous and felted aggregates of 
the same substance, giving undulatory effects between crossed nicols and medium 
high colors; (3) fibrous crusts on top of the first-named form or thin layers between 
masses of the same, the individuals having such a remarkably parallel orientation 
that the aggregate of them appears alpiost like single crystals between crossed 
nicols, with black shadows sweeping across them when the table is turned. 
Extinction is parallel to the fibers; double ref inaction strong, about like augite; 
character negative. The same optical characteristics were repeatedly oljserved in 
thin sections of chrysocolla from Metcalf and other places. Reniform deposits 
were sometimes noted, the center of cryptocrystalline material being coated with 
coarsely fibrous and highly birefringent material. 

Sections from the Coronado and Metcalf mines often show pseudomorphs 
of pyrite, consisting of a shell of limonite with a kernel of fibrous chrysocolla. 

16S59— No. 43—05 S 
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Specimens from the Rattlesnake claim. If miles northwest of Morenci, showed 
' rrypto<T3'stalline chrysocolla containing needles of a doubtful mineral with parallel 
extinction and birefringence about like quartz. The material contains a con- 
siderable amount of phosphoric acid and also a little lead. 

The observations of •Fannetaz" on chrysocolla from Boleo, Baja California, 
Mexico, led to the same results as descril)ed above, but seem generally to have 
l)een overlooked by editors of text-books. 

Coppei'-pltch ore, —Under this old (ierman name is described a dark-brown 
to black substance, sometimes dull, but generally with glassy to resinous luster; 
hardness, about 4; sti*eak, dark brown. It occurs among the products of oxida- 
tion of the deposits in limestone, as at the Detroit and Longfellow mines and 
the Modoi* open cut at Morenci, and is associated with azurite, malachite, and 
chrysocolla, often inclosing these minerals or replacing in branching veinlets, 
together with azurite, a shale-like mass, probably largely composed of kaolin. 
In thin sections it is sometimes opaque, but often also translucent, gradual tran- 
sitions obtaining in the same section, and occurs in irregular or concretionar}' 
masses, often containing small embedded crystals of a doubtful mineral, possibly 
a silicate of zinc. Between crossed nicols the translucent mineral always proves 
entirely isotropic and, except for varying depth of color and the small crystals 
mentioned, is entirely homogeneous. 

A rough preliminary- analysis by Dr. \V. F. Hillebrand of selected pitch-black 
material from the I>etroit mine gave: 

Anahji^itt vf iiipfter-pitch ttre from Iktmit mine. 

Per cent. 

CuO 28.6 

ZnO 8.4 

MnO, 21.2 

Fe,0,^Al,(), PA 4 

Insoluble in HCl 22.8 

Ignition low 16.3. Ie8t« oxygen due to convemon of MnO, to 
MnA 18.7 

98.7 

similar material surmounted by crusts of chrysocolla from the Modoc open 
t lit «-*>ntained nmt-h MnO« with a good deal of CuO and ZnO and is thus evidently 
the -rame >ubstance. To this analysis Doctor Hillebrand remarks that Mn ii« 
largely but not certainly wholly present as MnO,. The insoluble portion consists 
of Mlioa: it i> wholly sejiarated by acid without need of evaporation and is nearly 
all -^jjuble in dilute KOH. It is not |K)ssible to say whether SiO, is in combi- 
nation or nr- opal, hut it «an not l>e j)reseiit in any other form. 

•» B'lII >*- Mill . I'arN. vol. 9. IfO^. Jll. 
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Most of these copper-pitch ores, known from many districts, have been 
described as impure chrysocolla. As shown by the optical characteristics, how- 
ever, they are not a mixture, and they certainly do not contain any chrysocolla, 
the characteristics of which are very different. They probably represent a series 
of closely related compounds, the chemistry of which has not yet been fully 
elucidated. Prof. G. A. Koenig" describes a similar mineml with the same isotropic 
character from Bisbee and names it melanochalcite. Its composition is different, 
as shown by the following analysis: 

Analysis of melanochalcite from Bisbee^ Ariz. 

Per cent. 

CuO 76.88 

8iO, 7.80 

CO, 7.17 

H,0 7.71 

ZnO 41 

FeS, 07 

100.04 

Mr. Koenig considers it as a basic salt of an ortho-silico-earbonic acid. No 
CO2 was found in the Morenci minerals. In conclusion, it would seem that the 
chemistry of these copper-pitch ores would bear further examination. 

Morencite. — In a lime shale on the intermediate level of the Arizona Central 
mine, Morenci, 200 feet below the surface, brownish or greenish spreading masses 
were found containing brownish-yellow, silky, fibrous seams. The inclosing mate- 
rial consists largely of the same material as the seams, but impure and mixed 
with a little chlorite and pyrite. The whole bears evidence of being a product 
of oxidation of some contact metamorphic mineral. 

The fibrous mineral on the seams forms a felted aggregate as seen under the 
microscope, but it is well individualized and contains few impurities except a 
little pyrite and chlorite. The minute fibers are brownish yellow and slightly 
pleochroic, Ijeing darker when parallel to the principal section (opposite the 
behavior of biotite): the birefringence is strong and extinction probably strictly 
parallel to the fibers. No mineral corresponding to this has been described, but, 
although its individual character is beyond doubt, the analysis does not lead to a 
satisfactory formula. The material for the analysis was picked out carefully 
under the lens and, examined under the microscope, proved satisfactorily pure. 

Doctor Hillebrand, who analyzed it, remarks as follows: 

"The analysis alforded the results of the first column of figures l)elow. In 
deducing the molecular ratios of the second column there has been deducted 
sufficient lime to form apatite with the phosphoric oxide. 

"Am. Jour. Sci., vol. 14, Dec., 1902, p. 404. 
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Analym* and tnole4mlar ralios of moretiriU from Arizona Cimtral mine. 

Per cent. Molecular rmtiot. 

ftiO, 46.74 757 =10.71 or 11 

TiO, Trace. 

JS::::::::::::::::::::;;:;;:;::»;S ;>=^<«"» 

FeO 83 0111 

MnO Trace. 

CaO 1.61 027 

M>K> 3. 99 100 

K,() 20 002 

Na,<) 10 001 

11,0 ia5° 8.84 491 =6.9«or 7 

Hfi 150° 12 

H,() below FtMlneHH 4. 27 282 = 3. 99 or 4 

H,0 re<lm»8H 69 

CuO Little. 

FeS, m 

l\ol 18 



141= 2. 00 or 2 



»8.89 



•' It would seem from the temperatures at which the water is driven off that this 
must exist in two conditions, and that four-elevenths of it must lie held more aecurelv 
than the remaining seven-elevenths. The attempt to account for four molecules of 
water as constitutional, however, led to no simple or seemingly probable formula, 
whereas if all wat<M* is excluded the ratio is that of a metasilicate— R",R'",(SiOj)"n. 
On the other hand, to iocJude the whole of the water as essential to the silicate 
molecule, for which there is little ground in view of the ease with which most of 
it is expelled, leads to an orthosilicate ratio— H'„R",B'",(SiOJ""ii." 

On the whole, considering also the bad summation of the analysis, it is more 
rational to regard the mineral as a hydration product of an original metasilicate 
molecule than to attempt to construct a complex fonnula which could have but a 
very doubtful value. Considering that the mineral is not a mixture but is optically 
well individualized, it has been thought l>est to fix its identity by means of the 
name of morencite. 

Calrltr, -In almost pure, fairly coarse, gmnular form, this mineral con- 
stitutes the uppermost 1(X) feet of the Modoc formation (lower Carboniferous). In 
the Longfellow formation it is also abundanth' represented, but there it is always 
associated with silica and sometimes with dolomite. It occurs further in the 
contact metamorphic rocks in verv coarsely granular masses, or as small veinlets 
with magnetite and pyrite. It appears more rarely as small rhombohedral 
crystals (1 211 and R) on decomposing metamorphic rocks, especially in the copper 
deposits contained in them, as at the Modoc mine on drusy quartz rock, and at 
the Detroit mine on partly altered shale. 

Dolomite, — Occurs in granular form as beds in the lowest part of the Modoc 
formation, and mixed with calcite in places throughout the Ix)ngfellow formation. 
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pyrite and kaolin. It ocelli's here as mici'oscopic rhonibohedral crystals showing 
([uadratic or hexagonal heotiohs; as grains or irregular masses; and as fibrous 
aggregates. The birefringence is of mediunh stnMigth. the colors at most reaching 
pale 3'ellow. The index of refraction is low. 

Gy/Mum. — C'aSO^+SH/). Common in oxidized deposits in limestone, as may 
l)e expected from the fa<*t that a large jjart of the copper carl>onates are formed 
by reaction between sulphates and calcium carbonates. Specimens of gypsum 
from the Manganese Bhie mine inclose plates and crystals of cuprite. 

Spangolit^. — H,gCujAlClSOi». This peculiar mineraU essentially a highly 
basic sulphate of copper and ahimina with chloride of copper, was discovered 
and described by Prof. S. L. Pentield'' some fifteen years ago. The specimen 
came from some point within 200 mile>* of Tombstone, Ariz., and pi'obably from 
one oT the gre^it copper camps of the territory. Somewhat later it was identified 
by Prof. H. A. Miers on two si>ecimens from Cornwall, England, but the American 
locality has not yet been found. It is therefore a matter of interest to record 
its discovery on some specimens from the Metcalf mine of the Arizona Copper 
Company, taken from the workings in the great open cmt not more than 100 feet 
below the surface. These specimens consist of white sericitized granite-porphyry, 
in part silicified, and traversed by veinlets and irregular masses of cuprite; the 
cuprite contains native copper and is covered by crusts of malachite, brochantite, 
and chrysocolla. A soft and scaly bluish-green coating on the chrysocolla proved to 
consist of microscopical hexagonal crystals or cleavage foils, remaining dark between 
crossed nicols. It was identified b}' Doctor Hillebrand as spangolite, a determina- 
tion in which Professor Penfield concurred. No measurable crystals were found 
and the mineral is very inconspicuous. It is difiicult, if not impossible, to obtain 
material entirely free from accompanying minemls. 

Concerning the chemical examination, Do<*tor Hillebrand reports as follows: 

" Selected bluish flakes from this specimen gave tests for water, and the sul- 
phate and chlorine ions, besides copper. There was too little of this pure 
material to permit a test for alumina, but the mixed copper minei*als composing 
the greater part of the specimen showed the presence of this body. It seems 
therefore probable on these grounds alone that the, bluish flakes are spangolite. 
Vanadium, phosphorus, and arsenic are absent. The closed-tube reactions of the 
mixed copper minerals are very striking. Water is given off first. Then appears 
suddenly a white sublimate (AICI3?) near the assay which seems to form or at 
once change to minute colorless drops. This deposit can be driven slowlj^ up the 
tube, followed at its lower, sharply defined edge, by dark yellow-brown drops 
(CuClg?) which on cooling solidify to greenish crystalline aggregates^ and the 
part of the tube between them and the assay shows under the lens delicate 
feathery cryst^illizations like frost markings on window panes. Down in the flame 
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the glass becomes colored red (Cii,0?) and in parts yellow. On charcoal the 
blowpipe flame is colored azure blue and at the same time green. 

^* In order to compare the above closed-tube behavior with that of undoubted 
spangolite, a small fragment of the latter, offered by Doctor Pentield, was tested. 
It gave water and then a white sublimate like the one above mentioned, followed 
by a dark olive-brown liquid, which on cooling passed through lighter shades of 
color and solidified as a bright-green ring. In general this behavior is very like 
that of the mixture under examination from Clifton.-' 

Chdlcanthlte or hlv£ vitriol, — CuSO^+SHjO; 25.3 per cent Cu. Common as 
filling of small fissures, as coatings, or as efflorescences in the lodes in por- 
phyry of Copper Mountain and elsewhere, especially above the upper limit of 
the chalcocite zone, but very rare below this limit. In one of the upper levels 
of the Joy shaft it forms stalactites almost filling the tunnels. It occurs 
in fibrous or distinctly crystallized forms. Melanterite, or common copperas 
(FeS04+ 7H,0), is not abundant, while pisanite, the sulphate of copper and 
iron, probably occurs together with the chalcanthite. No ferric sulphates have 
been found. 

Ooslarite and epsomite. — ZnSO^+THjO; MgSO^+THgO. These occur as 
white, long, and delicate capillary efflorescences on the walls of tunnels, and 
soon disintegrate to a powder in the air. There are evidently several isomor- 
phous mixtures of this series. 

Dr. W. F. Uillebmnd identified goslarite with some magnesia, and a little lime, 
copper oxide, and manganese, from the Arizona Central mine. Epsomite and a 
mixture of epsomite and goslarite was found in the Montezuma mine, as well as 
a sulphate containing both zinc and copper. 

Gerhardtite. — HjCu^NjOi,. The cliffs of granite-porphyry in the deeply eroded 
Chase Creek Canyon at Metcalf show in many places a bright-green coating of some 
copper mineral, which, no doubt, is formed by the trickling of atmospheric waters 
over and through rocks containing a small percentage of copper. This is not 
surprising, for porphyry in this vicinity is altered throughout by quartz cemen- 
tation and disseminated cupriferous pyrite. This "'green paint," as it is frequently 
called, is not soluble in water, and, when more closely examined, consists of small, 
dark-green, roughly mammillary forms coating the rock to a thickness of a few 
millimeters. Examination by the microscope fails to reveal any recognizable 
mineral in the cryptocrystalline mass. 

Chemical examination by Doctor Hillebrand led to the interesting discovery 
that the copper minerals present consist of a nitrate and a chloride, neither of 
which has been found elsewhere in the mines of the district. Detrital grains and 
some silica seem associated with these compounds. The nitrogen is difiScult to 
account for, in the absence or scarcity of animal substances which might have 
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yielded it. Possibly it is contained in the porphyry. Doctor Hillebrand^s remai'ks 
concerning this mineral are as follows: 

'^The closed- tube reactions of the copper minerals forming the mixture on this 
specimen are as striking in their way as those of the mixture containing spangolite 
described elsewhere. Water first appears, then brownish nitrous vapors, followed 
by a sublimate which is not very volatile, which becomes black on further heating, 
but on cooling 3'ellow-brown. The glass at the bottom of the tube is often yellow- 
brown when cold. After some hours the sublimate nearly disappears or becomes 
greenish from absorption of water. If the water which condenses in the upper 
part of the tube on first applying heat is driven out by the flame and the mouth of 
the tube is held in the flame, this is colored deep green by a volatile copper com- 
pound (chloride?). On charcoal the flame is azure blue and at the same time green. 
Vanadium is absent. 

^'The mixture contains presumably the basic nitrate gerhardtite and a chloride 
which is perhaps atacamite. Spangolite the chloride can hardly be, for the slight 
amount of SO, shown by test does not seem suflicient to account for the large amount 
of chlorine.'' 

The only place from which gerhardtite has previously been identified is at the 
Jerome mines in the central part of Arizona, where it is associated with cuprite and 
malachite. It was discovered by Messrs. H. L. Wells and S. L. Penfield. 



CHAPTER IV. 

METASOMATIt^ PROCESSES. 

GENERAL. STATEMENT. 

Metasomatic processes are those by which, through chemical reactions, and 
mainly by aid of water, one mineral is changed into another. In practically all 
cases they cause a partial or a complete change in the chemical constitution of the 
mineral and involve loss or gain of substance. On account of our lack of knowl- 
edge of the exact reactions involved, it may sometimes be difficult to decide 
whether a replacement is effected by separate dissolving and filling, or by one 
or several chemical reactions. In cases of complete molecular replacement, such 
as galena after calcite, the replacing mineral was probably present in the active 
solution, partly dissociated or ionized. The solution of a certain quantity of the 
original mineral caused a separation of a corresponding quantity of the ions of 
the replacing substance according to physico-chemical laws. If carried out on 
these lines the process is necessarily molecular and chemical. Where two solu- 
tions existed — one dissolving, the other depositing — and where a certain time 
intervened, the process is a mechanical one and should not, I think, be considered 
metasomatic. In some cases the distinction may be difficult to draw. 

Rock^ are metasomatic if any or all of the constituent minerals have under- 
gone partial or entire meta^^omatic changes. It is thus not necessary that they 
should, as a whole, have suffered a change in their chemical composition, though 
in the great majority of cases this has undoubtedly taken place, at least to some 
extent. Metasomatism, then, is a wide term, including the earliest transformations 
after the rock has been formed and the last ones active in it until disintegration 
finally destroys it. A still wider term is '^ metamorphism,'' which covers any 
changes in composition or structure of a rock through whatever agency and 
whether with or without gain or loss of substance. 

From the standpoint of the mining geologist, these processes are of para- 
mount interest, and it has been thought best to devote a separat3 chapter to 
them in the discussion of the ore deposits of Clifton-Morenci. 
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That form of nietauiorphisni which in associated with long-continued and 
strong pressure, and which, l^esides metasomatic changes, results in schistose or 
slaty structure, is singularly absent in the Clifton district. The only epoch in 
which dynamo-nietamorphic processes were active here on a large scale antedates 
the Cambrian age. Schists of various kinds, principally quartzitic, constitute the 
Pinal formation, which is not represented within this special area, though occurring 
in the northern i)art of the Clifton quadrangle. Similar dynamo-metamorphism 
has not been repeated in this region since that very ancient epoch, though the 
rocks were subjected to stresses during the intrusion of the porphj'ries, during the 
opening of fissures which followed that event, and during the epoch of extensive 
faulting which followed still later. On prominent vein and fault fissures some 
crushing has taken place, ac*companied b\' an incipient schistose structure, but in 
no c^ase does this change extend far from the original break. 

The changes to be considered are then almost wholly metasomatic, and their 
discussion may be grouped in several divisions: 

Cornnfum hydratnetamarphlmu, — This, which is also described as static meta- 
morphism, includes the changes effected under the influence of ordinary percolating 
waters at a moderate depth, but distinctly below the zone of active oxidati(Mi. 
The principal minerals formed are epidote, chlorite, serpentine, pyrite, zeolite, 
nniscovite, quartz, etc*. Feldspars are ordinarily not formed. These conditions 
evidently rather involve transformation of material than gain or loss of substance 
for the rock as a whole. 

Contact metiimiytphiumk. — In the immediate proximity of intrusive granites, 
granite-porphyries, diorites, and many other allied rocks, extensive changes have 
often been produced in the inclosing formations. Most susceptible to change are 
clay shales and limestones, which are frequently entirely metamorphosed, both 
as to structure and composition. The principal minerals formed are garnet, 
epidote, wollastonite, pyroxene, amphibole, magnetite, and pj'rite in the lime- 
stones, and amphibole, epidote, feldspars, biotite, andalusite, and quartz in clay 
shales. These chang(\s, which have been studied at a great number of places 
throughout the world, are usually attributed to the combined influence of heat 
and magniatic w^ater pressing outward from the cooling intrusive rock. It is 
usually stilted that little gain or loss of substance has taken plac*e in contact- 
nietainorphic rocks. This statement is not, however, in entire agreement with 
the results obtained during this examination. 

Ilydrothermal metamorphiwi, — Still another form of metasomatic action is 
caused by hot or '* thermal'" waters, usually ascending along fissures and acting 
uj>on the surrounding rocks. This altenition is in most Ciises confined to the 
close vicinity of the fissures. Much of the* ore may l>e j)roduced in this manner 
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by replacement of country rock. The minerals most commonly formed in this 
district are pyrite, sericite, calcite, and quartz, but it will be shown that magnetite, 
pyroxene, amphibole, and epidote may also be formed by these agencies. Feldspars 
are not commonly produced by this mode of metasomatism. Extensive gains and 
losses of substance often take place during this process. 

Processes of oxidation, — Under this heading will be described the alterations 
which the rocks undergo at or near the surface under the influence of oxidizing 
atmaspheric waters. Especially interesting are the changes suffered by the contact- 
metamorphic rocks and by those previouslj" affected by hydrothermal metasoma- 
tism. Both of these usually contain sulphides with valuable metals. The pure 
atmospheric waters are, by action on these sulphides, rapidly converted to mineral 
waters of great strength, and as such are the agencies chiefly responsible for the 
concentration of metals into deposits of economic importance. It will be shown 
that formation of chalcocite or cuprous sulphide is indirectl}' due to these oxidiz- 
ing waters, and that thus not only oxygen salts but also sulphides may result 
from this alteration. Gains and losses of substance are usually very great. 

COMMON HYDROMETAMORPHISM. 

This form of metamorphism affects the rocks of the district only to a limited 
degree. In the siliceous limestones of the upper part of the Longfellow formation 
it finds expression in fairly extensive replacement of the calcium carbonate b}^ 
cryptocrystalline or fibrous silica, largely of chalcedonic character. This chert is 
grayish in color and forms irregular seams or bunches in which ragged residual 
masses of calcite mav be embedded. 

In the quartzitic sandstones of the Coronado formation the cementing material 
is largely converted into sericite, but otherwise there is little alteration. The 
pui-e Modoc limestones and dolomites have suffered no change. 

The granite is generally affected by a chloritization of the biotite, which 
usually has entirely destroyed that mineral. In some varieties containing horn- 
blende secondary epidote and pyrite have formed. The feldspars contain a small 
amount of sericite. 

More extensive but still not materially affecting the character of the rock are 
the changes in the porphyries, especiall^^ in those approaching dioritic composition. 
The most pronounced changes refer to the hornblende and the biotite, both of 
which alter to chlorite, frequently containing grains of epidote. Hornblende also 
changes to a mineral like bastite. Besides, epidote generally replaces the plagio- 
clastic feldspars, developing in them as large and sharply defined grains, sometimes 
giving the mineral an appearance of primary origin. Scattered chlorite also 
migrates into feldspars and groundmass. A little sericite is contained in the 
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feldspars, and grains of pyrite are apt to develop in the ferro-niagnesian silicates. 
Kaolin is not prominent in these rocks and probably forms chiefly close to the 
surface of the ground. All these changes take place independently of anj' mineral 
deposits, lodes, or veins, and are more or le>« extensively developed in all areas 
of poi-phyry. 

The changeiii in the Tertiary surfac*e lavas are insignificant and chiefly consist 
in the formation of chlorite and serpentine. 

CONTACT METAMORPHI8M. 

While granite and (]uartzite have undergone little change in contact with 
porphyry, great alterations have taken place in the limestones and shales adjoin- 
ing that rock. These changes may be noted along the contacts of the great 
porphyry stock as well as near dikes or smaller masses. 

REVIEW OP LOCALITIES AND CHARACTER OP METAMORPHI8M. 

A great mass of diorite-porphj^ry, apparently laccolithic, li by 1 mile in 
size, is intruded in the Cretaceous strata 3 miles southwest of Morenci. The 
sedimentary rocks are very little altered at the 'contact; at most a hardening and 
some development of epidote are noticeable. The same applies to the smaller 
areas of porphyry northeast of this mass. One of them, one-half mile south of 
Morenci, forms the top of a hill and rests on Cretaceous sediments, shales, and 
sandstones, which appear reddish and in places contain much epidote, but are 
not otherwise much altered. The metamorphism l)ecomes more intense going 
north, and appears to be due to the vicinity of the contact of the main stock. 
Along the Eagle Ci*eek foothills north of Gold Creek diorite-polphyry again 
prevails and contains many slab-like inclusions of varying size of Ordovician 
limestone, but at the contacts of these practically no alteration is visible. The 
same applies to the long sill of diorite-porphyry intruded all along the contact 
between the Coronado quartzite and the Ixingfellow limei^tone, and to the little 
stock of the same rock which occupies the basin of Garfield Gulch north of 
Metcalf. 

From all this it appeai-s that the diorite-poiphyry exerts a very slight action 
on the surrounding sediments, whether they be limestone or shale. 

Very different conditions obtain at the contacts of the quartz-bearing por- 
phyries, mainly (luartz-monzonite-porphyry and gi-anite-porphyry. The Cretaceous 
strata which cross (jold Creek in irregular masses, deeply indented and torn by 
the porphyry, are decid(Klly altered. The shale and fine-grained sandstone are 
very much hardened, becoming sometimes even flinty and of black or dark-green 
color. They contain a little* c^pidote, pyrrhotite, and pyrite, l)esides more or le>s 
green hornbhmde, which has dc^veloped in the mass of the shale and in the 
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cement of the sandstones. In places the sandstone has acquired a quailzitic 
appearance; but withal the alteration does not compare in intensity with that 
suffered by the Paleozoic limestones. 

At the mouth of Pinkard Gulch, where the Ordovician shaly limestone is 
greatly cut bj- dikes and masses of porphyry, some of the included masses are 
almost wholly' converted to epidote with magnetite and garnet; copper stains are 
abundant, and many small prospects have been opened. Between this place and 
the Soto mine, where Gold Creek crosses the Soto fault separating Ordovician 
limestone from granite, the. same phenomena are repeated; garnet and epidote 
occur abundantl}^ at the contacts and also along certain strata. But the altera- 
tion is not always extensive and some limestone masses seemed to have escaped 
almost entirely. 

For a mile northeast and southwest of Morenci the stock of monzonite- 
porphyry borders against the whole sedimentary series, which is less cut up than 
in the Gold Creek basin. Alteration has developed on a large scale; over an 
average distance of 1,500 feet from the contact the rocks are greatly transformed, 
in places to a width of even 2,000 feet (PL XVII). There is very material 
difference in the manner of alteration of the various strata. Dikes both inside 
and outside of the altered zone are followed by bands of metamorphosed rocks. 
The alteration shows no dependence upon fissures or veins, the only factor which 
seems to have any influence being the proximity of intrusive bodies. 

The Cretaceous sandstones and shales on Modoc Mountain and on the hills 
south and southwest of Morenci are altered to quartzites and epidote -amphi bole 
schists, the latter of dark-green color and increasing size of grain as the porphyry 
is approached. The Modoc limestone, as well as the underlying dolomite, is most 
susceptible to change; a whole block of this formation extending from Modoc 
Mountain to the Copper Mountain faults has been almost bodily converted into 
a mass of calcium-iron garnet. This applies also to the exposure of the same 
formation in the next block, between the Apache and the Copper Mountain fault, 
exposed south of the smelter. It is entirely converted to garnet and epidote for 
2,000 feet from the contact, while the underlying shale and limestones remain 
almost entirelv unaltered. 

More or less disturbed masses of Morenci shales and Longfellow limestone 
adjoin the porphyry and extend along it for 1^ miles. The shale is converted 
to dense greenish rocks rich in epidote, amphibole, and pyrite, while the lime- 
stone contains garnet, epidote, pyroxene, amphibole, specularite, magnetite, pyrite, 
chalcopyrite, and zinc blende, in irregularly distributed masses. Garnet, however, 
does not form large bodies, as in the case of the Modoc limestone. Smaller, 
unaltered masses of limestone are sometimes contained in these areas. 
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Biotite, mu8covite, and feldspars are almost entirely absent among the contacit- 
nietamorphic minerals. 

• From Morenci to Metcalf the porphyry stock borders against granite, but at 
the latter place a small area of the Paleozoic series directly adjoins the granite- 
porphyry and is cut by several dikes projecting from it (Pis. I and XIX). The 
phenomena described at Morenci are here repeated. Practically the whole area l*» 
affected by the alteration. Chalcopyrite and pyrite form abundantly, together with 
garnet, pyroxene, and epidote. The small down-faulted limestone area at the mouth 
of Garfield Gulch is unaltered, except where a little epidote and magnetite appears 
in the immediate contact of the small dikes of diorite-porphyry traversing it. 

The stock of monzonite-poi-phyry at the head of Placer Gulch has produced a 
somewhat capricious alteration. While the limestone adjoining on the north is not 
noticeably altered, the many small inclusions of the same rwk in the southern part 
of the stock are partly converted to epidote and magnetite, and frequently show 
copper stains. The long dike traversing limestone near the head of Sycamore 
(julch has changed the rcwk but little, epidote appearing only in places. 

The stock at the head of Silver Creek, near the northern limit of the district, 
is composed of diorite-porphyry and has not changed the surrounding rock. 

The general mode of occurrence of this i)e(;uliar alteration decidedly eliminates 
it from being classed with either regional metamorphism or common hydrometa- 
morphism or hydrothermal metamorphism. The determining factor is evidently 
the presenc^e of a quartz-bearing porphyry. 

Taken in connection with the widespread and well-known occurrence of just 
such alteration in the immediate vicinity of intrusive l>odies, there need be no 
hesitation in referring these changes to contact metamorphism. 

THE MORENCI CONTACT ZONE. 

DIKES. 

In describing the complicated phenomena here shown it is perhaps best to begin 
with the dikes cutting the relatively unaltered strata on the east slope of Modoc 
Mountain, in the vicinity of the Longfellow incline. Most of these dikes distinctly 
alt(»r th(». inclosing rocks; but the change is not always uniform, varying in different 
parts of the sann* dike and affecting each formation in somewhat distinctive manner. 

A well-defined dike of quartz-monzonite-porphyry 20 to 50 feet wide starts 
from near the summit of Modoc Mountain and cx)ntinues southeasterly, crossing 
the deep guKh separating that ix)int from the high limestone cliff at the eastern 
margin of the area shown on the special map (PI. XVII). The dike can be traced 
a few hundred feet outside of the limit of this area, but the exposures are not 
good and little contact metamorphism seems to exist. At the edge of this dis- 
trict it crosses the Morenci shales. These are greenish and distinctly hardened 
near tht» contact, but a few feet away regain their ordinary appearance. 
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In the Longfellow limestone, near the bottom of the ^ulch in a prospect tun- 
nel, the (like is adjoined hy about 2 feet of epidote and specularite, with a little 
garnet and green copper stain. On the northwest side of the gulch the dike is 
excellentU' exposed on the steep slope for a vertical distance of several hundred 
feet ujy to the summit of Modoc Mountain. Along both sides of it runs a dark- 
brown zone, caused by the oxidation of pyrite in the altered belt and contrasting 
with the fresher gray limestones. The alteration has proceeded irregularly, in some 
places extending horizontally along the strata to a distance of 20 feet from the 
dike, but ordinarily occupying a width of onlv a few feet. The dike rock con- 
tains a small amount of epidote and pyrite, but is hard and very little altered. 
There is no evidence of dislocations or fissures ahmg either wall. 

A small tunnel near the bottom of the? gulch on its north w^est side gives 
go<:)d exposures of the altered zone, there only a few feet wide. The rock, 
bordering against the porphyry with sharp contact, is very hard and fresh, 
streaky gniy and yellowish in color, and contains irregular masses of yellowish- 
brown garnet; chah'opyrite and zinc blende in modenite amounts are disseminated 
through the garnet. Thin sections show the garnet })artly nuissive, partly in 
well-detined dodecahedral crystals, the latter with decided birefringence and divi- 
sion in sectors (PI. VII, A and ('). It contains grains and smaller masses ef 
chalcopyrite and zinc blende embedded in a manner to indicate contemporaneous 
crystallization. The gray parts between the tTvstals and larger areas of garnet 
prove to be thoroughh' crystalline limestone of gninular, noninterlocking struc- 
ture. Much finely divided calcite is included both in the massive garnet and 
in the separate crystals of that minenil which form in the crystalline limestone. 
The residuary character of the calcite is very evident under the microscope. 
Quilrtz occurs in some places as coarse aggregates of anhedrons, and fine-grained, 
colorless pyroxene develops occasionally in the calcite grains. The line of division 
between the altered and unaltered rock is very irregular but leather sharp. It 
seems altogether out of the question that the apparently very pure limestone could 
have contiiined enough ferric oxide to form this amount of garn(»t. 

A little higher up the dike (Miters the dense, dark-gray, argillaceous Devo- 
nian limestone. Here the alteration is not extensive, but alwavs shows near the 
contact, extending irregularly from it. For about I foot from the contact the 
limestone is almost completely converted to epidote; })etween this and the unal- 
tered limestone is a 5-inch transition zone, containing small but very abundant 
garnets, developing in the calcit4\ This relation of garnet and epidote has l)een 
repeatedly observed along many of these dikes. Immediately adjoining the 
intrusive mass epidote forms; garnet begins to develop a few feet farther away 
from the dike. Copper stiiins occur in places. 
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where a prosjHH't has l)e<*n oin^ned on account of the copper stain shown in the 
epidote. Snith of this ahnost all tnice of alteration at the contact disappi'ars. 

On the fourth tunnel level of the Lon^ellow mine the contact of the middle 
or sheet -porphyry dike with the Ixni^fellow limestone is well exposed. The 
contact is ch)sely welded and no evidence of joints or fissures can l>e seen. 
While the limestone s<mie distance awav is almost fresh — (^ontainini; onlv a little 
pyrite — that next the contact is greenish and filled with small grains of pyritc 
and chalcopyrite; it also contiiins thin seams of the same minerals. Tnder the 
microscopt* a granular crystalline limestone still forms the main mass^ but has 
eml)edded in it a maze of minute colorless prisms of a pyroxene, prohably 
diopside: a photograph of this slide is shown on PI. VII. B. The calcite also 
contains gniins of pyrite and chalcoi)vrite, intergrown with magnetite; veinlets of 
calcite, chalcopyrite, and pyrite cut across the rock. 

On the ridge liM> feet alK)ve the otKce of the Arizona Copper Company at 
the Ix)ngfellow incline is a big open cut traversed by three narrow porphyry 
dike.>, as shown on PI. XVII. I^irge tumbled blocks lie in this cut* broken 
down from a l>ed of the hard and den>e Devonian limestone: these must have 
almost adjoined the dikes. The limestone is nearly unaltereil except that long 
nidiating needles of an amphilK)le, prolwbly tremolite, and intergrown grains of 
jnrite and magnetite lie embeddiHl in it. A few of the blocks contain, however, 
sc»ams and irregular n»asM»s of yellowish-brown garnet, light-colored zinc blende, 
and chalct>pyrite. Near these masst*s the dark-gray comi>act limestone l^ecomes 
greeni>h and mottled, while the size of the calcite grains increases. A little 
<{uartz appt^ai's l)etween the <*alcite gniins, and small garnets develop in them. 
Thi> lK>rder> pretty sharply against a coarse-gniined aggregate of calcite, garnet, 
zinc blende, chalcopyrite, and granular quartz (PI. IX). intergrown in a manner 
t4> indicate contemponineous crystallization by replacement. Other spei'imens 
.show tine bin*fringent garnets, eml>eiided sometimes in irregular grains of quartz, 
and sometime^ in coarse <*jilcite grains (PI. VIII, /?). Small prisms of diopside 
have alM» develoj)ed, as well a> grains of chalco]>vrite. 

The north dike of the Ijongfellow mine (close to the Longfellow hoist) has 
alM» exrrted a strong influence on the limestone adjoining, converting it into 
gcirnet. magnetite, and umch e})idote. Most of these exposures are now difficult 
to -^tudy on the "surface on account i>f extensive oxidation, unless, as in the 
Longfellow oj>Mi 4Ut, >ome |H»rtion> happen to remain unaltered. 

Many m<»n* examples might W desiriU^d. but from the preceding it is evident 
that. iiide|>endently of tis-iuren and other duct> of mineral waters, local alterations 
lake j>lar«* ;il<»nir the contact^ of quartz-lK'aring |H>rphyrv dike> by which garnet. 
epi«lot»-. 'liop-^iie. tn-inolitc. inagnciitc. pyrite. chalcopyriti*. and zinc blende are 
formed 'jy repl:i4*enient «»f linie>tone: gjirnet forms es|K*cially in the Modoc pure 
linie^t«»ne. ^\|jile cliop^jde and tremolite are more apt tt> apj>ear in the sometimes 
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Near this contact line the Modoc limestone })econies very crystalline — changes 
in fact to a coarse marble of crumbling gmniilar structure, a.s may be well seen 
at the limestone quarry of the Arizona Copper Company; then, within a few feet, it 
becomes transformed to a mass of dark yellowish-brown garnet rock, with which 
are occasionally associated masses of green ish-yellow^ epidote and black magnetite^ 
On the surface processes of oxidation often veil the true diaracter of the rocks, 
but the exposures at the Modoi* open cut, in the gulch coming down at the 
smelting works and on the path between the smelter and the Detroit Copper 
Company's limestone (luarry, leave no room for doubt as to the chaiucter of the 
main mass as garnet rock. An ill-defined area northeast of the smelter has l>een 
mapped as partly altered rock. 

The garnet has colors ranging from yellow to dark brown, most commonly 
yellowish brown, like dark honey. Samples from near the Detroit smelter, from 
the Shannon mine at Metc^ilf, and from the third level of the Arizona Central 
mine (the latter from the Longfellow formation) have been analyzed and proved 
to be an almost pure andradite or lime-iron garnet (3CaO,Fe,03,8SiO,). Quantita- 
tive analyses were made of two specimens, as shown l>elow: 

Analyses of (jarnet and garnet rocks. 
[George Steiger. analyst.] 



I. 



II. 



III. 



8i(.). 



AlA- 

Fe/), 

FeO.. 

MgC). 

CaO.. 

KjO . . 



42.63 

1.53 ' 
31.41 i 

.30 
None. 
23.37 ' 



H,() -ia'>°c. 

H,O-.-105° C. 



TiO,. 
CO, . 
!>,(),. 
MnO 
CuO. 
ZnO. 



None. 



Trace. 
.43 
None. 
None. I 

W.«7 



:^. 26 ] 

. 78 - 


35.5 


32,43 
.32 . 


31.5 


None. - . 


29.67 
None. ■. 


33 


None 


.13 


.44 


None 


1 
None. 


.06 ! 


.27 



100. 36 



100 



I. From trail l>et\veen suielter and Detroit CopjHjr Company's lime quarry. Representative 
rock. Mixloo horizon, N<». 4(X>, Clifton collection. 

II. Siinunit, Shannon Mountain. M<m1<h' horizcm, No. 317, Clifton collection. 

III. Typical coin|xjsition of andradite. 



PLATE VII. 

I^HOTOMICIKMJIJAPIIS OF OkKS AND HCM^KS. 

.1. ( 'oMtJU't-mrtaiiKH'iihic mrk r;;iO (^1. A) at roiitmM nf jMirphyry iliki', XjMXi fivt east -southeast nt 
MniliM- Monntaiii. 

<iariK*t «levi*li)pinir in rrystalliru* limfstnin* nf Longfellow fnnnation. I>Jirk >rniy=piriiet, 
with intimately mixed n*si<hiary eahile: liirhl ^Tiiy= {granular <*aleite. 
Ordinary light. >hi)rniiie<l 15 diameters. 
/», Contaet-metamorphie n>ek (:UV2 CI. \) at contact of por]»hyr\ dike, hmrth tunnel level. 
Lonjrfellow mine; Lon^fellnw formation. 

Pri.<ms and grains ai di(»pside developinir in ^^ranular limestone. Darker masses = tine- 
^raineil di(^psi<le. 

Ordinary li^rht. ^hi^nitied ti'i «liameters. 
f\ Contact-metaniorphic rnck (olO CI. A» at contact <«f pnrphyry dike. 1,IH)0 f«*et east-stMitln-a^-t 
of .MimIoc Mnnntain. 

(larnet an«l snlphides developing in JTVHtalline limestone <•! L«»n)j:fell<»\v formation. Black 
in center=zinc hlende: black at margin of «»pen field =chalci»pyrite: lijfht jfray=isotropi<* 
jrarnet i in jdacvs hexajronal hirefrinirent hamls iiitlicatin^ <lodec:ihe(lron.'<); dark jrniy = 
cah'ite. chielly resi<lnary j^ranular masses in jrarnet. 
Ordinary li;:ht. .Ma^niiie<l 15 diameters. 
A Contact-mctamnrphic rock {2i'A) CI. .\ ) from .Vri/.ona Central mine, third level near shaft: 
Lonjrfellow formation. 

Black =clialcopyrite inter>rro\vn with >rarnet: jjray— pirnet mixed with a little re«»idiiary 
calcite and irrannlar diopsitle; white=small a^ureuates nf «juart/. 
Ordinary li^'ht. .Ma«:nilieil a)>nnt l^ diameters. 
J'!, Dinptase crystal, clinn;rraphii* pmjfctinn. 
F, Dioptase crystal, <»rtho*rrapliic projection. 
ft, LiU'thenite crystal, clino;iraphic [irojection. 
//. Lihetln-nite «Tystal, orthnixraphic projection. 

l.St; 



PLATE VIII. 

PH()T<)MI('i:<HiKArHS OV OliKS AND RcK'KS. 

.1, Contact-uK'Uiiiiorphir nn'k (.'i21 V\. A) inmi ridgt* of Shannon Mountain, oOO feet fx>uth of 
Shannon trup; Modni- formation. 

Dark j^ra y =irarnc't crystals tlevelopinjr in cryHtailine linieetone (light gray). The latter 
also (*(»ntains s<»nK' niiiTuSfopii* pyrnxt'nt* <'rystals. 
Onlinary li^hl. Ma^rnilitil 15 (liaincterfi. 
B, C(.)nta('t-nietaniori»hic rock (2-4() C\. A) from I^m^fcllow mini% HiirfjU'e, 100 feet above office of 
Arizona ('npiwr (\imi»any: iK'vonian limestone in Mtm^nci formation. 

C— coaniiely crystalline calcite; ti=<|uart7., coarsely prrannlar: (i=cryf»tal8 of garnet, bire- 
frin^rent and with znnnr >trnctnre, ih'velopin^ in ijiiartz and mlcite; Ou=chaloopyrita. 
Onlinary light. Ma^nitliMl 22 diameters. 
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PLATE IX, 
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PLATE IX. 



PlIOTOMIClUMiliAIMIs OF OkKS AM) ROTKS. 



.1, ('nntart-iin'taiii<»r])lii(' nn'k (24^MM. A) fnnii siiriin-e pit of b>n^ft>llow mine, 100 feet alK)ve 
Ari/diia ('(»p|H»r Coinpaiiy's offiiv. 

Kiiip-jrrairuMl Devtuiitin litnestone, tiiftainorphoso*! t<> n>arse calcite, garnet, quartz, zinc 
bU*n<l«*, an<l rhalcijpyriti*. 
Ordinary li^^ht. Ma^nititMl '2'2 dmuwtvn, 
/>, Key to A: Fc=V\nv'fsn\\uo*\ calciti' of normal limestone, with «lntted line imlioating appnixiniatc 
transition to rciarsi* «nilcite; C=<'oarst»-;rraine<l (nilcite; (Y=4"ftrtz; S=«ericite; Ci=g:aniet; 
Z=7."'!H' l>len»U*; (•n=chal«'opyrite; ()=ojK'n lieM. 
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PLATK X. 

PlIOTOMlCKOCKArilS OF OUKS AND K(X'KS. 

.1, C'c»ntac't-iMetainnri»liii' rofk i *JL*t» 01. A) iVdim Arizona CVntral niiru', rtn*t level, ^H feet lielow 
siirtact'. Fir>t cros-i-iit to Williams vfiii, iKirth i»l' shaft. 

Pyririr ore fmin fniitact-iiictaniorjihir nn'ks. «h'riv«'<l t'rnin liniestoiieof TiOn^fellowforinatiim. 
(!— nnjithiary ralrilt*: 1*— pyritr: M=ina^nietit«'; C'ii = rhalr<)i)yritt*; Z=zinc blende. 

MaLMiilird '2'2 «liaiin*tfrs. hrawri in mi plmtoL'raph by ivtU-i-ttMl lijflit. 
/i, Contact-iiH'taniorphic mck ['.V.\7 (M. Ai from Slianiion iniiu', M(>toulf; breast No. 3 Black Hawk 
tuiim'l, April. HM)2. 

I)(>nv(Ml from lim('str)m> «)f LoiiLrfollow formation. L=tine-&;rain(Nl niagiies^ian limestone, 
partly contact mctamttrjihosnl. and containing grains of diojiriiilr, magnetite, ami pyrite; 
('=calcitc v«'ins containing' intcp^'rown ;;rains of nuurnetitt> and pyrito (M P) and few 
small trcmolitt> prisms; vcinlcts tidjoincd by irradnally fading zone of tremolite (T), [lartly 
crystallized in minute prisms next t«> the calcite. 

Majrnilied '2'2 diameters. Onlinary li;;ht. 
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PLATK XI. 

PllOTOMMKoiiKAIMIS OK OUKS AND KoCKS. 

.1, Onitart-iiH'tiiinorpliii- n>ck (17L' CI. A) trum K:iir|»lay n»ail. rast s1ii|h* ai ('<)|>j>t»r Mciuiitaiii. 

Mr<iinn)-t;raiiu*il lime^toiif trMin i.onijrU'll«>\v i'<>rinati<»n with nui);iu'titt> am) r) nil i^upy rite. 
-M«»ttltMl wliit*' arnl trray -:i:raimlar liiiM'sttun*; Mack -iiiairru'titc (sliarply <U*rnuM) grains) 
*h'Vi'i«»pinir by rfplacriiii'iit ; l)la«'k unmi at Cn -rhalfnpyritt'; ('— i'!ih>rite: (>=o]»eii Held. 
Opliuarv lijiht. MaLriiil"u*«l W iliann'ttTs. 
i>, C'()iitiU't-mi'taMH»rplii<' nick (sain- s|K'ciMicni. 

Magnetite (Mack. >l)aiply dcliiir*! ^jniiiisi <lcvi*l(.ipiim liy ri'placcineiit in ^ninular liiiii- 
stonc. 

( ►rdiiiary li^rht. >la;jnitic<I 14 «liaiM«'ttM>. 
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PLATE XIII. 
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PLATK XI IL 

/' ;//•.•> ••.*f;{.* ';-;,.*•-..'./ Z*--:*;!*' 4f^. /rr.-o ::--j6*!* '^=-''_r.Jrt -^ V 

*/ ;• ,f ;, r . 7 r . «//,'.*, »t , f* / ' . .' ' < .u r» / :i *. ' : wr'-l **- . '--^ t =■ T...*^i v»-si>« *-.-f ttipiite vitfa 8hne<Jl« 
',-* f.jf*, .«• "#;#;^f Mt,'i » i*-"* '/r'H:u^ 'A *Usk\*t ^':\f ' ^rti^)s,\zu. a/.T^.r-^ lb*- •quartz. In the groDiMi* 
fr.»#w •?.«■ *'.^,riU *\,r^^su\* 'fV r*-;»;au-»'Ti**-ri* ''f ^rl'-it^r ar:-! ^-x'ni|.;*-6 esteiL-ive aren. Xoie 
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PLATE XV. 
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PLATE XII. 

Photomic'rociKapiis of Ores and Rocks. 

A J Vein quartz (204 CI. A) from Montezuma mine, big pyrite vein 170 feet Bouthwest of main 
slmft iit <Uh'I) level alnjut 150 feet l)elow surface. 

White (Q)=me(lium-grained quartz; black (P)=cryf«tal8 of pyrite; black (M)=aggre- 
gatet« of molyb<lenite Hcales; dark gray (S)=aggregates of sericite. This pyritic ore with 
about one-lialf per trent of tropper was probably formed by replacement of porphyry along 
fissure. 

Ordinary light. Magnifieil 22 diameters. 
B, Vein (piartz (205 CI. A) from same locality. 

Normal, coarse-grained, idiomorphic vein quartz with fluid inclusions. Probably formed 
]>y filling of ojH?n cavity. 

Polarizcnl light. Magnified 22 diameters. 
(\ Ore (202 CI. A) from Montezuma mine, shale stopes on Waters shaft level 50 feet below 
surface. 

Black =chalcooite in process of oxidation to brochantite (white and light gray); broch- 
antite alters in the veinlets to malachite (dark gray). 

Ordinary light. Magnifieil 22 diameters. 
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PHOTOMICROGRAPHS OF ORES AND ROCKS. 



PLATE XIII. 
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PLATE XIII. 

Photomicro<;raphs of Ores and Rocks. 

.1, Sericitize<l quartz-inonzonite-iK>rphyry (199 CI. A) from I^>ngfellow mine, fourth tunnel level, 
near lower limit of deposit, aV)out 1^00 fin*t Inflow purfaee; from middle or Bheet-porphyr>' 
dike. 

F = j>la^i«K'la6e iTvstal?* converted to sericite felt; G =(nx>undniah9 of eericite and quartz; 
P = j»yrite crj'stal.^j replacing feldspar and >;roundma88: Q = veinlet of quartz. 

Polarize<l lipht. Ma;niifie<l 22 diameter?, 
/i. Cuprite ore in sericitized jwrphyry i324 CI. A) fn>m Met«^lf mines in etopes 40 feet above 
Wilson tunnel. 

I^ilg:e, rounded, white areas = (iuartz phenmTysts: remainder (liierht ijrray) ^groundnuun 
of porfihyry, eonsi.*»tin>r of quartz and sericite; hlack = lille<l vein.*? of cuprite with shreds 
of native cr»pi»er and a few grains <»f chalcocite breaking: across the quartz. In the ground- 
mass the cuprite s])reads by re|>lacement of serit'ite and <^-cupies extensive areas. Xde 
fissure veinlet on left, in <|uartz, chan«;in«; to replacement veinlet in ^n^undniasB. 

Onliuary lijjht. Magnitie^l 22 diameters. 
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PHOTOMICROGRAPHS OF ORE!> AND ROCKS. 



PLATE XIV. 

PlIOTOMK'KOdKArHS <)K ( )UKS AND K<X"KS. 

-1, ('hal<MK'itij (»n* (2(«M'l. A) fmni Hyci-s*.!! iiiiiit', lii^t lev*'l, at elevation of .^^^''^^.^Ml., Drift 
mi IIninlN)l<lt vein, I'HJ iVet lun-th of end line Morenei elaiin. Ix)Wer iPf^l-^^ {•halcocite 
zone. 

Park ^ray=clialt'<K"ite, tl«'velopin>r by n*pla(vnient in pyrite ( lijrlit jrray ). The ohalcocite 
is aiH(>njpanie<l by small anmnnts of niicroiTvstallinr ipiartz. sencite t<hredfl, aiid kaolin. 
lUack areas represent ojmmi field. 

Hetlei-ted li^rlil. Ma^nitird 22 diameters. 
Bf ChaliMK'ite ore (<W» CI. A) from Hiitler vein, IJntler and ]^>ndon tnnnel. 

Serieitized pnrpliyry with pyrite, jwirtly ivplare*! hy <'halrr)oite. 

< f— ^roundmass of porphyry, ehiefly micnxTyHtalline quartz with 8hre<1t) of sericite; 
I*=:pyrit<*: C=chalcorite. 

KeHecte*! light. Magniiie<l 22 diameters. 
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PLATK XV. 

PllOTOMK'UiMSKAJMIS OK ( )kKS AND K<K^KS. 

.1, MaliU'liitr «>n' i-o4CI. Ai fmin iH'trMJt niiiu". 

M — ra«liiil iiialarhitr. «li*\vlnpiiiir l»y nM>hu*«Miu»nt in jmrtly ciuitact-inetainori'^hf.)}^! t<hale 
iS), consist iiijr »»f kaolin. rpi«1ot«*, aiiiphilMilo, •^laiiconito, st'ricite, ett*. Mi<*nxT}'«talline 
nialacliite also ilevclops anions tlic constitiKMits oi tlu* hIiuK*. 
Onliiiary lijriit. Mai;nitif<l 2o iliaint'lfjv. 
/*, Aziiriti* on* (1*54 CI. Ai fnuii iH'troit niiiu*. 

A=«Tystals of a/nrih* partly twiniKMl, ili'vclopiiij: liy n*plati'nient in nuitact-inetaiiKir- 
plios«>il sliaK' iS). roiisistiiiu' '"»! anipliil)oU', stMiciti-. ami kaolin y'!). 
Onlinary li^rht. Matiniticil -'> <liain«'tvrs. 
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« 

A thin section of No. 1 shows that it is to some extent affected bv oxidation, 
which has produced a network of granular quartz and limonite or hematite along 
fracture lines. There is also a little residuary calcite included in the massive 
garnet, but so little that it would scarcely show in an ordinary- analysis. The 
garnet is \ellowish in transmitted light and practically isotropic, except in some 
places, where appear hexagonal bands of varying color, indicating dodecahedral 
cr3'stallization. These bands show distinct but faint birefringence. Allowing for 
the surplus of FcgO., and SiO,, indicated by the microscope, the garnet must be 
a very nearly pure andradite. 

No. II shows almost pure garnet substance imder the microscope and cor- 
responds to the fornmla of — 

18(CaFeMn)O.7(Fe,AI,)O3.20SiO2 
Ca:Fe":Mn = l:.0o8:.007 
Fe/":A1=1:.04 

While copper stains aie found at many places in the garnet rock, and valuable 
copper ores, chiefly chrysocolla, occur in it at the Modoc open cut, unaltered 
sulphides have not been found within this area. The}' are no doubt present to 
a limited amount, but surface oxidation has changed them entirely to various 
minerals, such as malachite, willemite, chrysocolla, and copj^er-pitch ores. 

The total thickness of the Modoc formation at Morenci is l7o feet; the upper 
85 feet consist of heavy-bedded pure limestone, underlain })y t)() feet of brownish 
fine-grained rocks which to some extent consist of dolomite. The two lowest 
members are a 15-foot band of sandstone and a 10-foot stratum of pure limestone. 
It is the upper member of pure limestone which is so extensively converted 
into garnet. The lowest limestone member resists metiimorphism strongly, and 
is found little altered in the Detroit mine in the center of the metamorphic area. 
At its northern edge it seems, however, to have succumbi^d to the altering 
influences; this is also true in other places, notabh' in the exposures just north 
of the slag dump at the smelter. Sutticient data were not obtained to show 
conclusively how the stratum of dolomite acts under metamorphosing influences, 
but to judge from the exposures near the smelter and on Modoc Mountain, it also 
changes to garnet. 

In the exposures of the Modoc formation on the slope southwest of the 
smelter similar interesting phenomena are observed. About due south of the 
smelter 112 feet of Modoc limestones are exposed, including 10 feet of 
coralliferous lime, 85 feet of !)rown dolomite, and 50 feet of the upper Gray 
Cliff limestone, all covered bv Cretaceous strata. A short distance westward 
these limestones become suddenly and completely altered, appearing now as a 
cliff of garnet with large masses of magnetite. The coralliferous lime resists 
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alteration longest, the dolomite next, but both are here converted into garnet. 
Whether this garnet differs from the normal andradite was not ascertained. 
The Gray Cliff limestone is as usual most easily altered and continues thus 
changed for seyenil liun<lred feet l)eyond where altcraticm ceases in the underly- 
ing dolomite and condliferous lime. This Iwind of garnet rock is traceable for 
1,500 feet into the town of Mort^nci, where further identitication becomes impos- 
sible. For at least half of this distance there is little or no alteration visible in 
the underlying shales and limestones of the Morenci formation. 

Over large areas, then, the Modoc formation, and especially its upper and 
thickest member, the Gray Cliff linuvstone, has l)ecome almost completely changed 
to lime-iron garnet, with some epidote and magnetite. The limestone is an 
extremely pure rock of its kind, containing about 96 per cent of t*arlK)nate of 
lime, and it is very clear that in ord<»r to effect this change all of the CO, must 
be expelled and large <juantities of SiO^ and FeX), nmst l>e added. 

In order to trace the precise mcxle of altei*ation it would be important to 
know the reflation of volume of original and changed rock, but unfortunately 
there seems to Ik? no exact way of getting at this problem. Judging from 
thickness and appearance of the alteivd formations I lielieve that neither great 
increase nor great reduction of volume has taken place. By the following cal- 
culation we may arrive at an understanding of the quantities involved in this 
transformation. 

In 1 cubic centimeter of CaCO, are contained 1.52 g. CaO and 1.19 g. CO,, 
making a total of 2.71 g. 

]Vei(jht of (Constituents in 1 mbir eentimttfr of nudrndite (Anahjttii^ II). 

Grams. 
CaO 1.08 

SiO, 1.33 

Al,< ), 03 

Fe,(), 1.18 

FeO 01 

M^) 01 

1 LO 01 

3.65 

If the whole of CaO in 1 cm.'' CaCO, has been used to convert the rock into 
garnet, then this volume becomes 1.40 cm.' garnet — that is, the volume is increased 
al)out one-half during the contact metamorphism. This has almost certainly not 
taken place. On the other hand, if there has been no change of volume during 
the alteration, 0.4») g. of CaO has been carried away together with 1.19 g. CO,, 
while 1.38 g. SiO.^ and I. IS g. Fe^jO, have l)een added. In other words, 460 kilos 
CaO and l.li^O kilos C(X have l)een carried away \^r cubic meter, while 1,330 
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kilos SiOg and 1,180 kilos Vvtfi^ have been added, the latter amount being a mini- 
mum because of the magnetite so fretjuently found associated with garnet. These 
are astonishing figures, and give an idea of the vigorous transfer of material 
which took place during the contact metamorphism. 

Mor&nci shalen, — These can !)e traced approximately around the north side of 
Modoc Mountain by the Longfellow and Montezuma mines and the gap at the 
Arizona Copper Company's hospital down into the town; they are exposed in 
the Detroit and Manganese Blue mines, in the Butler and Hudson crosscuts of 
the Arizona Centnil mine, and probably also show along the railroad between the 
Detroit Copper C/ompany's store and the Arizona Central mine. They are again 
found in the southern part of Morenci, forming thus a continuous belt through 
the altered area. The alteration seems most intense in the center of the town, 
where the shale is n(»arest to the porphyry mass. 

In general the shales when altered form gni}' or dark-green, dense, flinty 
rocks with streaks and seams of epidote and specks of pyrite. Specimens from 
the Montezuma mine* are dark gray, somewhat mottled, noniissile, and are cut 
by small veinlets of epidote and pyrite. In thin section the rock is identical 
with that described on page 1*30, which contains flocculent aggregates of epidote 
and much dirty -greenish glauconite(?), from which fibers of amphibole appear to 
develop. The cr3^ptocr3\staHine mass between these constituents probably consists 
of quartz and kaolin. The shale from the first level of the Detroit mine is a com- 
pact, haixl, greenish -gray rock, imperfectly fissile and containing no calcite. In 
thin section the rock is seen to consist of some granular, flocculent epidote with 
much amphibole in felted aggregates. A clear mass of low double refraction lies 
between the needles, but could not be definitely identified; a few very small 
grains of striated feldspar, probably of metamoiphic origin, were observed. The 
second body of oxidized ores in the Detroit mine is contained in this roc*k. 
Another, a brownish and partly oxidized shale from 20 feet l)elow the Waters 
shaft level, Montezuma mine, now contiiins abundant prisms and grains of pyrox- 
ene, embedded in a mttss of slightly greenish muscovite. The latter is an unusual 
mineml in this contact zone. 

The unaltered shales have, in the first place, a rather unusual chemical com- 
position, shown in analysis on page 130; mineralogically they contain epidote, 
quartz, kaolin, and a large amount of a mineral related to glauconite. Along dikes 
they have not sutfered great alteration, but within the main contact zone epidote, 
pyrite, and an amphibole develop in them. In how far this is connected with a 
chemical change I have not the data to say definitely; if anything, magnesia and 
lime have been added, but there is no evidence of the great access of iron and 
silica shown by the contact-metamorphosed Modoc formation. No chalcopyrite 
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manner, in the calcite and the dolomite. The onlv other constituents are scattered 
foils of chlorite, anhedrons of titanite (?), and aggre^tes of chalcopyrite, the 
latter in places intergrown with maj^netite. 

On the whole, there is in the Longfellow limestone a distinct belt of intense 
and almost complete altenition to garnet, diopside, epidote, etc. Roughly speak- 
ing, it follows the main contact from the point where the limestones first come 
into contact with the porphyry, in a northeasterly direction through the Arizona 
Central, Manganese Blue, Montezuma, and East Yankie mines (north dike Long- 
fellow), to the place where the limestones cease. This belt is only about tKM) feet 
wide and mine workings to the southeast of it run into much less altered rock. 
Those parts of the limestone series which project into the porphyry, oT which are 
entirelv surrounded bv it, seem on the whole less altered. 

These rocks of the Longfellow formation have certainly received an access of 
iron, sulphur, copper, and zinc. Whether magnesia and silica have been added is 
more doubtful: in some cases it would seem that this has happened, but as it is 
known that the formation contains a certain amount of l)oth of these substances, 
it is hardh' possible to answer that question with nmch assurance, as vigorous 
transferring of material may have occurred Ijetween the various beds. 

Considering the wide distribution of sulphides and magnetite throughout this 
contact-metamorphic zone, it is evident that the later processes of oxidation here 
encountered a most fruitful field for the concentration of copper ores. 

CONTACT ZONE OF SHANNON MOUNTAIN. 

On Shannon Mountain, at Metcalf, an entirely similar set of phenomena are 
encountered. A mass of down-faiUted sediments comprising the whole series 
from the Coronado cjuartzite to the Modoc limestone and occupying an area of 
about 100 acres lies here at the contact of the main stock and is cut by several 
dikes extending from it. A detailed description may be found on page 805. 
The Modoc limestone, which here contains 3 per cent of silica, lime, and iron^ 
and 9 per cent of magnesic carbonate, is converted to a mass of dark-brown 
garnet and iron ore much oxidized in places, forming the summit of the moun- 
tain. An analysis of this garnet is given on page 134. Smalt masses of highly 
crystalline crumbling limestone are preserved in some places and give good 
opportunity for studying the transformation into garnet; as usual this takes place 
rather abruptly. PI. VIII, A^ illustnites the development of small crystals of 
garnets and pyroxene in the limestone at the contact. Near the contact small 
musses of garnet rock are inclosed in the coarsely crystalline limestone. Sectiona 
of these show closely massc^d crystals of garnet, between which lies a little residual 
calcite and a few grains of (juartz. While copp<?r stairs arc abundant in these 
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rocks and the products of oxidization contain much zinc, no unaltered sulphides, 
except a few grains of pyrite, have l^een observed. 

The dolomite member found at Morenci in the lower part of the Modoc 
limestone is not represented here. The Morenci formation is as usual repre- 
sented bv shales which contain epidote and oxidized copper ores, especially near 
the dike contacts. In certain parts of the shales seams of pyrite and chalcopyrite 
are very abundant, but these are probably rather produced by hydrothermal than 
by contact metamorphism. 

The Longfellow limestone is most altered on the side of the main porphyry 
stock and along the dikes, but is more or less affected throughout the whole area. 
The bluish-gniy and rather dense limestones are to some extent dolomitic and 
contain more or less silica. The same irregular altemtion noted at Morenci char- 
acterizes it here. Garnet has developed in several places, notably near the red 
ore body, near the top of the Longfellow formation, and along a porphyry dike 
on the northeast side of the limestone area. In the red ore bodv the rocks are 
very much oxidized, but on its outskirts specimens were found consisting of partly 
decomposed gsirnet with included grains of chalcopyrite. On the saine level 
(Boulder tunnel, end of north drift) specimens were collected showing a greenish- 
gray, fine-grained limestone with abundant gi*ains of c;halcop3^rite; toward one 
end of the specimen this changes gradually into massive garnet, containing grains of 
chalcopyrite. Seams containing pyrite and chalcop\'rite also cut through the rock. 
Thin sections show^ that pyroxene, garnet, and epidote alternately prevail in dif- 
ferent parts of the same slide. Very intimate intergrow^th of chalcopyrite and 
epidote was observed, and the garnet contains a network of chalcopyrite, probably 
due to replacement of residuary calcite Ijetween the garnet grains. In other sec- 
tions the garnet includes grains of chalcopyrite of simultaneous crystallization. 
Veinlets of pyrite and chalcopyrite, associated with epidote, calcite, and a little 
diopside, cut the rock in places and, spreading from them, chalcopyrite has occa 
sionally replaced the garnet. This specimen shows evidence of two periods of min- 
eralization, one lyeing distinctly connected with the general metamorphism of the 
rock, and the other with later vein action. Entireh^ unoxidized metamorphic rocks 
are exposed in the Black Hawk No. 3 tunnel, 160 feet below the Boulder tunnel, 
in the lower part of Longfellow formation. The rocks are grayish green and 
tine grained; they consist of calcite, diopside, and tremolite, with scattered grains 
of magnetite, pyrite, and chalcopyrite. Veinlets of coarse calcite, with inter- 
grown gmins of pyrite and magnetite, cross the rock and are adjoined by a zone 
of alteration about half the width of the vein, consisting of colorless tremolite 
prisms (PI. X, B), 
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SUMMARY AND DISCUSSION. 

T:.'' irj>>^«^ 'ir-^*ripcii»n ha.* *h*>wn thait in thr- lim^^on^s and «4ttle$ near the 
i.r.rA^-t -.'f tir niAia -Uj«-k an-i the iik*-^ I'f iiuarLz-aititazMnite-porphyrT and 
rnxi:t*-pi>rpcynr tc*- follow injr mint^-raU hare *»-en f*»nii*^ by pnin.'licalljr >imiil- 
can-^-ci- r»rpiai>-ai»=-rit: riam»-t. tf^pid^t*-. pyn»x»-nr «diiip*ii»-i. aniphiU>le itremoUtet. 
r-a^r.-titr. -p^-ularitr. pyrite. rhalcupyrii*-. and zinc Mende. Thi? metamorphisni 
1- iir^:UT ie^»^L«:»?r*t !;pi.iri the prt'ximiiy of th»- «T>ataot and apptrentlj aki> upim 
the a«i«iif .^hiinii-t^-r ^f the j.»ijrphyiy. the di«trite-p>rphyry exertinjr little influ- 
e&.-e. wnil^- the srntniie-pi>rphyr>- and the monzonite-porphyrr produce an intense 
»iverativ»n- It > iiot — »-xi--e|.< to a minor dr^ree a** qualified ^lelow under the 
r>aii:r.ir "f hy'!n>thi=-rmal ni^-tamorphi^m — due t*» waters •-irrolatin}!' on iLit^tires 
and Ki-ii-t *'•• a.'«ori?'*<i i*» the dirv^^l influeniT* of ^.»me <u**itanoe contained in the 
:ri-4ti=-ri riia^ia "f jii»rphyry. Th«=- altervd nick* hare Seyon«i all douhc geneially 
r>-'^:v^i a jrn^t ac^.-e^* **{ in»n, *ulphur. copper, and zinc, and in the i-aa* of 
pcr»=- Iini»^ti»ne*. whiih over lartj*- area* liave ^leeome ct>n\'erted into ahnoe^t paie 
;farriet n>-k*- r^v*- rv-o*ivKii inimen*^ anK>unt> of ferric oxide and >ilica. 

While tfc»- main ointai-t zon»- i* oU-arly de^^ndent upon the pn^ximitr of tht 
principal <*m:k of (^M.'rphyry. it *eem* that *4.>nie of the dike> near that contact 
fiave ex^-rtr^i a *|.»-»?iany *inintr induen«*v. In the lime>tones — even in tho^^e of 
ifT»^te>t p'iriiy — mrL**ivf •^pidott- i* a|>c to d»-veIop along the immediate c^mtai-t 
of th»- dike-', thii* imply: n;^ a limited transfer of alumina. A few feel away the 
srarnet '^^n.*, an-i of •-»»ur*^. a* a lime-in.m Mlii-ate. ct*ntain* a very small 
prr>f-.rt:Mn **i alumina '^♦-e analy**-* on p. 134i. pn.»lia>»ly alm«>*t exactly the amount 
•>ri v!r*aii_v •••.»nrain»-«i in th»- lim^-^ton**. 

Til*- rt>nia*:t* with th»- tH»ri»hyry are *har|^> and *how no indication of 
a-?t»imi!ati<^»ri. Th- «-onta«i-meiaint»rphir n>*k* arv alway* — when unaffected by 
oTiiati'in— hard and i-ikmiui't: «ixid[zintr waters tfnd it much more difficult to 
attack th^-m thati th»- j-irou* pi:»q>hyry. iVMi*id»*ring that grvat amounts of 
^-ir'-*:. liv'xi-i* — up t'» -i** pi^r »-*^nt — have «»*rtainly lieen expelled during the 
rr:i=-tafri'/qfr;i*r!., a jT»-ai shrinkage of v«»Ium«:' *hould have taken place which could 
riari.y fail r. . •.-•rii>-«J in tht^ *inioture and thicknes> of the metamorpbo^^ 
-TriTa, I '^-ilrvr ::*at '.n ifeneral thi* k>*> ha> >n?en fullv i-ounterfaalaiiced br 
Ttdd'ti'^r.- of -;;-»*tari' »- frtiri: lh»^ matfinatic waters. 

< • ri.jnrir.;/ f:.^^ '•»•:. lai-t ph»-m>m»-na with tlux* of other loi*alitie:*^ described 
:r. r:.^ l.t'-rHriir- h /r-at ruiiiv [i-iint^ of Mmilarity appear at oni'e. i.liaim'leristic, 
iifr.'-r. ' 'r.'.-r '..ir.^'*. :• i:.*- *!i»w •hanvf** «>f the *half> and the *udden metamor- 
J/:/-::. ••:' *:.- .':;>'»r. v*-^. — |»-i:iiiy the pure !ime*toues, which, if metamorpboeed 
:a.r i... :irrji!r. T.-ir f"... :;.*-ta::.«.'rp:.ic •iev»-iopinent aInio*t at once. 
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Most of the described contact zones refer to granites or diorites; no changes 
along the contacts of porphyries comparable to the Morenci and Metcalf zones 
have ever been . examined, so far as I am aware. 

Vesuvianite and wollastonite, common in many contact zones, have not been 
identified with certaintv in this district. The alteration of the shales is also 
peculiar. Instead of the ordinary knotty schist and hornfels, with a great 
development of biotite, andaliisite, staurolite, and feldspars, there is found at 
Morenci a greenish hornfels, with much amphibole (tremolite), epidote, pyrite, 
and magnetite. The Morenci shales are somewhat unusual in composition, with 
high lime, magnesia, and iron. Amphibolitic hornfels is, however, not unknown, 
and has been described by Professor BrOgger from the Christiania field. 

The question whether contact-metamorphic rocks simply represent a recrys- 
tallization, or whether they have received additional substance from the cooling 
magma, is a most important one. Professor Rosen busch believes that little or no 
additional substance has been received, and considers that it is possible to deter- 
mine the original chai*act«r of metamorphic rocks from their present composition. <* 

Professor Zirkel* savs that in nearlv all cases the contact-metamorphic rocks 
simply represent a recry stall ization of original constituents. He believes that the 
contact metamorphism took pla<*e by reason of the pressure and heat exerted 
by the molten rock, and speaks rather slightingly of the view that substance 
from the magma can be transferred to the surrounding stmta, although admit- 
ting that in one or two cases it seems to have happened. Professor BrOgger, 
to whom we owe a most careful description of the Christiania contact zone, states 
that the alteration at that place seems to involve chiefly a recrystallization, 
although certain of the phenomena strongly suggest local accession of material, 
though perhaps rather from adjac^ent strata than from the intrusive body. 

The idea of determining the original composition of metamorphic rocks is 
followed out by Dr. »I. Barrell in his study of certain contact-metamoi'phic rocks 
of Montana. In his paper ^ he advances the geneml ization that "'carbonic acid 
is expelled only where the siliceous impurities of the limestone are sulBcient to 
combine with the lime set free." Based on this he obtains the further result 
that a great loss of volume has taken pla(»e, and that it is possible to ciilculate 
original constituents, kaolin, silica, .magnesite, and cal<*ite from any given rock 
more or less altered to wollastonite, garnet, epidote, etc. If these statements are 



a ♦• Man kann es also als ein Gesetz aiissprechen daKs boi der KontaktmetaniorphoHo um TiefoiiKesteine das Eruptlvge- 
steln nur pliysikalisch uiid im allKemeinen nioht dnrch Stoffabgalw ehcmiseh wirkte." MUt. Phy«iogrr., 3d ed., p. 85. 
''Lehrbuch der IVtrogmphie, '2d ed.. vol. 1, pp. 587-588. 
oAm. Jour. 8ci., vol. 13, April, 1902. 
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real!}' meant an generalizations, a.> would appear from the paper, they are not 
supported by convincing proofs. Magmatie additions are mentioned, but receive 
scant treatment." 

This seems a rather crashing array of testimony from the petrographio side, 
and it has even been intimated by Professor Klockmann,^ in a recent paper com- 
bating the theory of transfer of material from magmas to sediments, that it ought 
to be sufficient to .settle the question. While I do not doubt in the least the 
correctne^H of the conclusions drawn in individual cases bv such eminent authors 
as Professors Kosenbusch and Zirkel, it is certain that contact metamorphism 
manifests itself in man3' various ways, and that the particular phases connected 
with mineral deposits have been rather conspicuously neglected by many petro- 
graphers, whose data and statements in regard to the occurrence of ores, even in 
ordinarv rocks, has alwavs seemed to me to suffer somewhat from lack of detail 
and precision. 

On the other hand many French authors, among these Professor Michel I^vy, 
and lately Prof. J. H. L. Vogt,^ of Christiania, together with a growing number of 
younger scientific men, have strongly contended that many substances are given 
off by the cooling magma and enter the adjoining strata. This view is shared by 
myself and expressed in a recent paper on contact-metamorphism deposits.^ 

The truth seems to be that in many cases no perceptible accession of substance 
from the magma has taken plai^, while perhaps in as many more important addi- 
tions have been received. How far the heat and the gases from the intruded 
magma will penetrate and what effects they will produce depends on many factors. 

* 

As shown alx)ve, the composition of the magma is sometimes a factor of impor- 
tance. In the c*ase of the Morenci contact zone the amount of substance available 
seems to stand in direct relation to the amount of quartz in the porphyry. In 
many intrusive bodies there may be a very small quantity of water gas present; 
the access of material may then be slight, and the contact phenomena mostly due 
to the heat of the rock. The difference in susceptibility of the various beds is 
also strongly marked; all investigators agree on this point. In this district impure 
and very compact limestones resist alteration much more than coarse-grained pore 
rocks of the same kind, and, as shown above, the change in composition in the 
case of clav shales is extremelv sliffht. 



iWe^rd. W. H.. GeoUjgy and ore depowiti* of Elkhorn mining district, Montana: Twenty-wcond Ann. Rept. U. S. 
«W)1. Siiney, pt. 2. 1901. 

^ Z<-itiM;hr. pnikt. Gwl., vol. 1'2. 1904, p. 7H. 

'* Sec. fr>r iiifftanoe. The gene^iM of ore depunitK: Trans. Am. lust. Min. Eng., 1902, p. M8. 

''Op. cit., p. 716. 
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Study of the Morenci contact zone as a whole proves conclusively that most 
important accessions of substance have l>een received. The rocks inside of the 
altered zone contain an enormous amount of sulphur, iron, copper, and zinc. 
Iron is of course contained in the unaltered rocks to some extent, but in nothing 
like the quantities accunmlatcd in the contact zone; sulphur, copi)er, and zinc in 
noticeable amounts are absent from the unaltered rocks. Were they present to 
the amount of a small fmction of the percentage contained in the contact zone, 
direct observation and surface oxidation would easily expose their presence. The 
minerals in which these substances are contained were certainlv formed contem- 
poraneously with the ordinary contact minerals. 

The metasomatic development of magnetite in pure limestones may be 
observed in almost countless localities at Morenci and Metcalf. We know^ that 
iron was not contained to this amount in the original rock, but to demonstrate 
its actual derivation is of course difficult. The (juestion becomes clear only 
when we compare the contact zone as a whole with the original unaltered rocks. 

It seems very strange that anyone can doubt the possibility of such additions 
and overlook what must happen when a magma in aqueous fusion is suddenly 
brought up to higher levels and strongly ionized water gas, above the critical 
temperature, is largely released from its bonds. It must of necessity contain 
dissolved substances. Even at comparative^ low temperatures water is one of 
the most powerful solvents known, and its action, when a perfect gas, is probably 
far in excess of that at 100*^ or 200"^. It is well known that some rapidly congealed 
rocks like the ''pitchstone'' from Saxony contains up to 8 per cent water, indicating 
an amount of water gas which, at +4"^, would correspond to 250 or 800 liters per 
cubic meter of magma. All magmas may of course not have contained this amount. 
The water gas seems to have penetrated the limestones like a sponge, inducing 
extreme molecular mobilitv. Even if we denv anv additions of substance a most 
remarkable transferring of substance has taken place in the rock, as shown, for 
instance, by large crystals of garnet in liinestones of uniform composition and 
containing far less iron and silica than the amounts required by the newly formed 
mineral." In a chapter on inclusions cogent proof will be brought that the 
magma actually was accompanied by water containing dissolved a large amount 
of substances. 

A misapprehension of the chai-acter of contact deposits seems to exist in many 
quarters, as shown, for instance, by Professor Kloc*kmann, * in considering the 

« E. Woiiischcnk, Verjrloltjhende Stiuilen uebor den KuntaktmeUnnurphimDUH: Zeitschr. Deutoch. geol. Gescll., vol. 
54, 190'2, p. 443. 

ftZeltsohr. prakt. G«<)1., vol. 12, p. 75. 
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UM^iMSsyjr\/iii' r'^t*-- hi.m*' 'rvU**.*-*- luitv *#^ tLUu'Mr wii'.iL-i Mii«'H«in ii. xtieri*- uic 
'arry iri*i*^^ *H*yi;;>tii.r. •■',»pfi^*. .^.m^ tuc '.iu***r UHnnk. Axt iici^au^ii t*. T>HdiK«h 

Iij a *'hort i-rtip^-* 'i^ibir vrtL ^•'.•i.'wii'^'UfKiiiixicirfiiii* c^'pwsa.^ it Xtircii Amer- 
jirii'' I t^iiiiAjiL^^'iyj^i ti»»- jrr»-;r'-^* fvm, '."f iiiom '.»?*• d*^fc»sh.*' <•! Tlii^ kmci mdc •oii&e^ 
tlutl Ui*^v oijJ\ <>^;ur vi'/^ v^ tii^ 'V'ttH*-! r»r a;t uiCHt ii tiuidrad ffntit sinT. Is 
vi<fW of ^M^X4^r 3i/y^uiiiTjUifj'* *».iii Tiji* typ*- ti> <jCUmM*:^i •dK^oid W UKtdific^ fti" 
inr a*- w<- know a-t j>r<--«*frjt tij*-} luny fjix'ur -^vfjiti hniidred <»• *a-«i 2L**(*/ f<*t 
away from th4r ^y^fjUK't. In fa^i. d'i^f««ffujjiiai<f^ sul^piiid^ and nutgiK^ziie cKK'tar ax 
MoH'iiri up U> ^^J**.' f**^ frofu tij*r laaiu 'y^ulA*^ 

A taJiular fonu of ti*'ijf^h* i- ofu-ii D.4/id: tiii* i- osiially due u» tJ»«- ?cn:«tg]T 
iiiark<'d diff^'n^iM;^ iu •UMipjXj^^jJjty of tli<r iarK>u- ^^<. Wliei^erer tbe ikpQ!n> 
liav*' Uf<*fi <^nri«'hM by ox'idatiorj tbf- fonxi nny *^ iDore or k^*- dcfieoMk^t upon 
thipsi* rrliarif(«f^. 

Mr. \V, II. W'fft^i }xa^ iK>Uirl tbi* tafiular >hape in contaict fiepoB^it^ at Ouanea, 
M<*xi<'o, and iiiak<-»» tli<^ fonu a >ia-i- of fla^i&'atioEi.^ I do xKtt Wlieve, bowerer. 
ttiat diHtaii<;4> from 4.''>ntac't (witfairj limit* ^ven afx#rei or r-h^pe are at all eseen- 
tial. and <*aii find no min4'ralo^r:al diff«frfriH.ie^ ^^tweeo depos^it^ Tarring io thesis 
r<*s{x*cts. 

IIVJ>KCrriIKKM.%l. 3rKTAMORPHI8M. 

GENERAL STATEMENTS. 

lioth th<i i>orj>hyry and the contai't zone at Morem-i and Metcalf are traversed 
by quartzoM* lis^ure v<fin^ <*ontainin|f i-uprif^^rous pyrite and zioi* blende. Over 
an (»xt(;iisiv<* arcfa b<*twfM;n Mon*n<'i and Metcalf. and especially at Metcalf« the 
porphyry and the ^mnite are .shatten*d and rei-eniented by quartz veinlets. These 
ph(»iic)nn*na must of necessity have taken place after the eon^^olidation of the por- 
phyry. Hieir study and relation to <-ontact metamorphism. which doubtless chiefly 
took place l>efc)re and during the consolidation of the magma, thus becomes of 
the jrrcatcst im|H)rtarH*e. The |K>rphyrv adjacent to these lode^s and occupying 

'«'! raiiM. Am. Iii"!. Miri. Kiik'.. vol. 'M, IWI, p. J^IH. 

i> Wr«-«1. \s II., On- «l«-iH/>ii*. iHtar iKiK'ouh vt >mtn:\.^: TrHii>. Am. Iii^t. Min. En»f., v<il. ;t!, 1908, pp. 715-746. 
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the shattered zones which accompany them, alters to a sericite-quartz-pyrite rock, 
while in the limestone the phenomena are more complex. The veins are here 
often surrounded by narrow zones of tremolite. 

ALTERATION OF THE PORPHYRY. 

Altered areas, — A series of lodes with northeast trend cut through the por- 
phyry at Morenci, extending from the saddle west of Copper Mountain to the 
Detroit concentrator. Other parallel veins follow the Arizona Central dike. The 
whole of Copper Mountain and the dike mentioned are altered, though in a few 
places unaltered porphyry may locally appear in some of the crosscuts in the 
mines. The great porphyry ridge west of Copper Mountain is chiefly composed 
of unaltered porphyry, and fresh porph^^ry is correspondingly exposed in the 
western part of the Lone Star and the central part of the Butler tunnel (see PI. 
XVIII). Many of the dikes have been followed by fracture zones and have 
become more or less thoroughly' altered. Among these are the Joy dike, the 
West Yankie dike at the Detroit concentrator, and many others near the Monte- 
zuma mine. Others remain practically unaffected; among them are several 
smaller dikes in the Arizona Central mine, one or two in the Rverson and the 
Montezuma mines, and several among those cutting Modoc Mountain and the 
Longfellow mine. Toward the north end of Butler tunnel, near the Carasco 
mine, the alteration again increases and extends more or less continuously by the 
Fairbanks and Copper Queen mines to Metcalf. 

At Metcalf a large area extending from the Standard and King mines up 
to and including Shannon Mountain with the Metcalf mines is occupied by 
porphvry tilled by irregular quartz seams and completely sericitized. This altered 
zone also extends over a part of the hills west of the town. Practically all of 
the dikes on Shannon Mountain are similarlv altered. 

It is plain from this statement that this rock alteration is not contined to 
the inmiodiate vicinity of lodes, veins, and veinlets, but spreads over larger areas 
corresponding to the general outline of the shattered zone. The same altered 
rocks are found on all levels in the mines within this zone. 

The porphyry seems to possess a certain porosity and looseness of grain, 
making it otisily permeable* to solutions. This (juality also finds expression in 
the rounded outcrops and sandv soils of the unaltered areas. 

Charartrr of a/trntfum, — Th(» sericitized rock becomes bleached, dull white, 
and chalky; the feldspar prisms lose their luster; albite and oligoclase, as well as 
oithoclase, become tilled with sericite foils, at tirst oriented parallel to the 
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cleavage, and later completely pseudomorphed by a sericite felt mixed with occa- 
sional quartz grains. No epidote nor chlorite develop in the feldspars. The 
quartz phenocrysts remain unaltered. The biotite first l>ecomes converted to 
chlorite and sericite, and is sometimes also pseudomorphed to the latter mineral. 
In wholly altered rocks the chlorite is transfoniied to irregxilarl}' spreading ser- 
pentine, often difficult of detection. A little epidote is occasionally present. 
Kaolin and chalcedonie quartz are found in places, but are connected with a later 
process of chalcocitization. 

In the groundmass of the porphyry the feldspars are transformed into an 
aggregate of sericite, the quartz grains remaining unaltered. Finall}' pyrite 
forms more or less abundantl\% usually in cubes or pentagonal dodecahedrons, 
sometimes also in octahedrons, and develops by replacement in the groundmass 
as well as in the feldspars, more rareh' in the quartz grains; chalcopyrite, zinc 
blende, and molybdenite are rarelv observed. The original magnetite in the por- 
phyry is evidently transformed into pyrite. The titanium in the ilmenite or in 
the magnetite assumes the form of small dark-brown prisms of rutile. 

Very conunonly seams of allotriomoiphic granular or partly idiomorphic 
quartz ti-averse the ro(*ks. In certain parts chalcocite is verj' abundant, in inti- 
mate intergrowth with pyrite; but this is a later development and will be described 
under processes due to oxidation. 

The process just described is thoroughly characteristic for the whole area 
mentioned above. Even in the most-altered rocks the original structure is often 
plainly visible (PI. XIII, .1). 

A series of analyses were made of these altered porphyries of Copper Moun- 
tain at Morenei. 

No. 1 is a comparatively fresh poi-phyry from the first level of the R3'erson 
mine, and, it is believed, represents the typical original rock of that altered zone. 
Description of this ma}' be found on page 81. 

No. II was taken adjoining a 2-inch pyrite vein in the foot wall of the Humboldt 
vein at the southwestern end of the drift, near the line l>etween Morenei and Eagle 
claims. It is a soft, white, chalky rock with scattered pyrite; on a few seams a 
little chalcocite appears. This locality is 600 feet l)elow the surface and somewhat 
l)elow the chalcocite zone, properly speaking; some oxidation and chalcocitization 
of the vein is, however, present. The rock is principally a felted mass of sericite 
with some gninuhir (juartz, and is cut by veinlets of kaolin. Pyrite is developed 
throughout in grains and crystals; none appear, however, in the kaolin veinlets. 
A little zinc blench*, chalcopyrite, and inolylxlenite occur as irregular grains and 
aggregates; also a f(»w prisms of rutile and isolated zircons. 
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No. Ill was taken from the intermediate lev^el of the Rverson mine, 550 feet 
west of West Yankie shaft, alx)ut 300 feet below the surface. It is a hard, white, 
quartzitic porph^-ry with scattered small pyrite crystals. The original stiiicture is 
almost lost, but under the microscope the outlines of feldspar crystals are still 
visible. The rock consists chiefly of a very fine sericite felt with granular quartz; 
the latter also occurs as veinlets with pyrite. Chalcocite does not occur abundantly 
in these hard and siliceous altered rocks. 

No. IV is from one of the big stopes of Humboldt lode, Ryerson mine, above 
the lower adit level, and about 450 feet below the surface. It is a soft, white, 
chalky rock, with gritty feel, from the many included quartz grains, cut by many 
small seams of pyrite and chalcopyrite. In thin section the porphyry structure 
is retained, as well as the contours of the feldspars. They are, however, entirely 
converted into sericite felt; the groundmavSS consists of granular quartz, well 
filled with sericite foils. Remnants of biotite crystals are transformed to sericite 
and serpentine. Pyrite occurs in cr\'8tals and anhedrons, largely in the altered 
feldspars, but also occurs with small mavSses of granular quartz. One zircon and 
some doubtful rutile crystals were noted. 

No. V was collected from the surface of the northeast spur of Copper Mountain, 
500 feet southwest of West Yankie shaft, where it formed brownish-gray hard 
outcrops. It is of dull-white color, the porphyry structure still visible. A thin 
section shows it to be an entirely sericitized rock with pseudomorphs of feldspars 
and biotite. The groundmass consists mainly of fine-grained quartz, with sericite 
foils. No pyrite is present. 
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manner, in the ealcite and the dolomite. The only other con.stituents are scattered 
foils of chlorite, anhedrons of titanite (?), and aggre^tes of ehalcopyrite, the 
latter in plac-es intergrown with magnetite. 

On the whole, there is in the Longfellow limestone a distinct belt of intense 
and almost complete alteration to garnet, diopside, epidote, etc. Roughly speak- 
ing, it follows the main contact from the point where the limestones first come 
into contact with the porphyry, in a northeasterly direction through the Arizona 
Centnil, Manganese Blue, Montezuma, and East Yankie mines (north dike Long- 
fellow), to the place where the limestones cease. This belt is only about 6<M) feet 
wide and mine workings to the southeast of it run into much less altered rock. 
Those parts of the limestone series which project into the porphyry, of which are 
entirely surrounded bv it, seem on the whole less altered. 

These rocks of the Longfellow formation have certainly received an access of 
iron, sulphur, copper, and zinc. Whether magnesia and silica have been added is 
more doubtful; in some cases it would seem that this has happened, but as it is 
known that the formation contains a certain amount of both of these sul>stances, 
it is hardl}' possible to answer that question with much assurance, as vigorous 
transferring of material ma}' have occurred between the vai'ious beds. 

Considering the wide distri})ution of sulphides and magnetite throughout this 
eontact-metamorphic zone, it is evident that the later processes of oxidation here 
encountered a most fruitful field for the concentration of copper ores. 

CONTACT ZONE OF SHANNON MOUNTAIN. 

On Shannon Mountain, at Metcalf, an entirely similar set of phenomena are 
encountered. A mass of down-faulted sediments comprising the whole series 
from the Coronado quartzite to the Modoc limestone and occupying an area of 
about 100 acres lies here at the contact of the? main stock and is cut by several 
dikes extending from it. A detailed description may be found on page 305. 
The Modoc limestone, which here contains 3 per cent of silica, lime, and ironr 
and 9 per cent of magnesic carbonate, is converted to a mass of dark-brown 
garnet and iron ore much oxidized in places, forming the summit of the moun- 
tain. An analysis of this garnet is given on page 134. Small masses of highly 
crystalline crumbling limestone are preserved in some places* and give good 
opportunity for studying the transformation into garnet; as usual this takes place 
rather abruptly. PI. VIII, ^4, illustrates the development of small crystals of 
garnets and pyroxene in the limestone at the contact. Near the contact small 
masses of garnet rock are inclosed in the coarsely crystalline limestone. Sections 
of these show closely massed crystals of garnet, between which lies a little residual 
calcite and a few grains of (juartz. While copper stairs are abundant in these 
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rocks and the products of oxidization contain much zinc, no unaltered sulphides, 
except a few grains of pyrite, have l)een observed. 

The dolomite member found at Morenci in the lower part of the Modoc 
limestone is not represented here. The Morenci formation is as usual I'epre- 
sented by shales which contain epidote and oxidized copper ores, esixicially near 
the dike contacts. In certain parts of the shales seams of pyrite and chalcopyrite 
are very abundant, but these are probably rather produced by hydrothermal than 
by contact metamorphism. 

The Longfellow limestone is most altered on the side of the main porphyry 
stock and along the dikes, but is more or less affected throughout the whole area. 
The bluish-grav and rather dense limestones are to some extent dolomitic and 
contain more or less silica. The same irregular alteration noted at Morenci char- 
acterizes it here. Garnet has developed in several places, notably near the red 
ore body, near the top of the Longfellow formation, and along a porphyry dike 
on the northeast side of the limestone area. In the red ore bodv the rocks are 
very much oxidized, but on its outskirts specimens were found consisting of parth^ 
decomposed garnet with included grains of chalcopyrite. On the same level 
(Boulder tunnel, end of north drift) specimens were collected showing a greenish- 
gray, fine-grained limestone with abundant grains of chalcopyrite; toward one 
end of the specimen this changes gradually' into massive garnet, containing grains of 
chalcop3 rite. Seams containing pyrite and chalcopyrite also cut through the rock. 
Thin sections show that pyroxene, garnet, and epidote alternately prevail in dif- 
ferent parts of the same slide. Very intimate intergrowth of chalcop^^rite and 
epidote was observed, and the garnet contains a network of chalcopyrite, probably 
due to replacement of residuary calcite between the garnet grains. In other sec- 
tions the garnet includes grains of chalcopyrite of simultaneous crystallization. 
Veinlets of p\'rite and chalcopyrite, associated with epidote, calcite, and a little 
diopside, cut the rock in places and, spreading from them, chalcopyrite has occa 
sionally replaced the garnet. This specimen shows evidence of two periods of min- 
eralization, one being distinctly connected with the general metumorphism of the 
rock, and the other with later vein action. Entirely unoxidized metamorphic rocks 
are exposed in the Black Hawk No. 3 tunnel, ItJO feet below the Ifeulder tunnel, 
in the lower part of Longfellow formation. The rocks are grayish green and 
tine grained; they consist of calcite, diopside, and tremolite, with scattered grains 
of magnetite, pyrite, and chalcopyrite. Veinlets of coarse calcite, with inter- 
grown grains of pyrite and magnetite, cross the rock and are adjoined by a zone 
of alteration about half the width of the vein, consisting of colorless tremolite 
prisms (PI. X, B), 
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SUMMARY AND DISCUSSION. 

The above description has shown that in the limestones and shales near the 
contact of the main stock and the dikes of quartz-monzonite-porph3^ry and 
gi*anite-iK)rphyrv the following minerals have been formed by pnurtically sinml- 
taneous replacement: Garnet, epidote, pyroxene (diopside), amphibole (tremolite), 
magnetite, specularite, pyrite, chalcopyrite, and zinc blende. This metamorphism 
is directly dependent upon the proximity of the contact and apparently also u|)on 
the acidic chanicU»r of the porphvry, the diorite-porphyry exerting little influ- 
ence, while the granite-porphyry and the monzonite-porphyry produce an intense 
altei*ation. It is not — except to a minor degree as qualitied J>elow under the 
heading of hydrothermal metamorphism — due to waters circulating on fissures 
and nmst be ascril)ed to the direct influence of some substance contained in the 
molten magma of porphyry. The altered rocks have iHjyond all doubt generally' 
received a great access of iron, sulphur, copper, and zinc, and in the case of 
pure limestones, which over large areas have l)ecome converted into almost pure 
garnet rocks, have received immense amounts of ferric oxide and silica. 

While the main contact zone is clearly dependent upon the proximity of the 
principal stock of porphyry, it seems that some of the dikes near that contact 
have exerted a specially strong influence. In the limestones — even in those of 
greatest purity — massive epidote is apt to develop along the immediate contact 
of the dikes, thus implying a limited transfer of alumina. A few feet away the 
garnet begins, and of course, Jis a lime-iron silicate, contains a very small 
proportion of alumina (see analyses on p. 1^), probably almost exactly the amount 
originally contained in the limestone. 

The contacts with the porphyrv- are shai-p and show no indication of 
assimilation. Thi» contact-metainorphic rocks are always — when unaffected by 
oxidation — hard and compact; oxidizing waters ftnd it much more difficult to 
attack them than the porous porphyry. Considering that great amounts of 
carbon dioxide — up to 40 per cent — have certainly been expelled during the 
metamorphism. a great shrinkage of volume should have taken place which could 
hardh' fail to be noticed in the structure and thickness of the metamorphosed 
strata. I l)elieve that in general this loss has been fully counterbalanced by 
additions of substance from the magmatic waters. 

(yompai'ing these conta(»t phenomena with those of other localities described 
in the literature a great many ix)ints of similarity appear at once. Charat^teristic, 
among other things, is the slow change of the shales and the sudden metamor- 
phism of the limestones, esp(»cially the pure limestones, which, if metamorphosed 
at all, attain their full metamorphic development almost at once. 
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Most of the described contact zones refer to granites or diorites; no changes 
along the contacts of porphyries comparable to the Morenci and Metcalf zones 
have ever been. examined, so far as I am aware. 

Vesuvianite and wollastonite, common in many contact zones, have not been 
identified with certaintv in this district. The alteration of the shales is also 
peculiar. Instead of the ordinar}^ knotty schist and hornfels, with a great 
development of biotite, andahisite, staurolite, and feldspars, there is found at 
Morenci a greenish hornfels, with much amphibole (tremolite), epidote, pyrite, 
and magnetite. The Morenci shales are somewhat unusual in composition, with 
high lime, magnesia, and iron. Amphibolitic hornfels is, however, not unknown, 
and has been described by Professor Br^gger from the Christiania field. 

The question whether contact-metamorphic rocks simply represent a recrys- 
tallization, or whether they have received additional substance from the cooling 
magma, is a most important one. Professor Rosen busch believes that little or no 
additional substance has been received, and considers that it is possible to deter- 
mine the original character of metamorphic rocks from their present composition. <* 

Professor Zirkel* says that in nearly all cases the contact-metamorphic rocks 
simply represent a recrystallization of original constituents. He believes that the 
contact metamorphism took place by reason of the pressure and heat exerted 
by the molten rock, and speaks rather slightingly of the view that substance 
from the magma can be transferred to the surrounding stmta, although admit- 
ting that in one or two cases it seems to have happened. Professor BrOgger, 
to whom we owe a most careful description of the Christiania contact zone, states 
that the alteration at that place seems to involve chiefly a recrystallization, 
although certain of the phenomena strongly suggest local accession of material, 
though perhaps rather from adjacent strata than from the intrusive body. 

The idea of determining the original composition of metamorphic rocks is 
followed out by Dr. J. Barrell in his study of certain contact-metamoi-phic rocks 
of Montana. In his paper' he advances the genemlization that '' carbonic acid 
is expelled only where the siliceous impurities of the limestone are sufficient to 
combine with the lime set free.-' Based on this he obtains the further result 
that a great loss of volume has taken place, and that it is povssible to calculate 
original constituents, kaolin, silica, .niagnesite, and cal<*ite from any given rock 
more or less altered to wollastonite, garnet, epidote, etc. If these statements are 
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Lj !neAnt ^« gv^neniizations. a.*^ would appear from the p^per. they are not 
4«ipp«-;rt*Hi rpj t-OQvincing proofs. Magmatic additions are mentioned, bat receive 



Th> -if^m^ a rather cni!«hing arraj of testimony from the petrographii' side, 
aad it hai* even been intimated by Professor Klockmann.^ in a recent paper i*om- 
hating the theory of traasfer of material from magmas to sediments, that it ought 
to be sufficient to <*ettle the question. While I do not donbt in the least the 
correr-tne?s« of the f-onclusioa> drawn in individual oases by such eminent authors 
ai* ProfessRor* Ko:?enba<ch and Zirkel. it is certain that contact metamorphism 
manife^l-* it>!«lf in many various ways, and that the particular |rfiases connected 
with mineral deposits have been rather conspicuously neglected by many petro- 
graphers. whose data and statements in regard to the occurrence of ores, even in 
ordinarv rocks, has alwavs seemed to me to suffer somewhat from lack of detail 
and precision. 

On the other hand man^' French authors, among these Professor Michel Levy, 
and lately Prof. J. H. L. Vogt/ of Christiania. together with a growing number of 
younger scientilic men. have strongly contended that many substances are given 
off by the cooling magma and enter the adjoining strata. This view is shared by 
myself and expressed in a recent paper on contact-metamorphism deposits.^ 

The truth seems to be that in many cases no perceptible accession of substance 
from the magma has taken phu^. while perhaps in as many more important addi> 
tioas have been received. How far the heat and the gases from the intruded 
magma will penetrate and what effects they will produce depends on many factors. 
As shown aliove. the composition of the magma is sometimes a factor of impor- 
tance. In the case of the Morenci contact zone the amount of substance available 
seems to stand in direct relation to the amount of quartz in the porphyry. In 
many intnisive bodies there may be a veri- small quantity of water gas present; 
the aircess of material may then be slight, and the contact phenomena mostly due 
U} the heat of the rock. The difference in susceptibility of the various beds is 
als^i strongly marked: all investigators agree on this point. In this district impure 
and verv compa<'t limestones resist alteration much more than coarse-grained pare 
rocks of the same kind, and, as shown above, the change in composition in the 
case of clay shales is extremely slight. 

'tWMrd. W. H.. ('tfnAffKY ^^*^ "rv deprj«it» of KIkhom mining di5trict. Montaiui: Twenty-second Ann. Kept. U. S. 
ii*np\. r^ur-.i-y. pt. '1. VJ(}\. 

^''/A-ltM-hr. pmkt. iittA.. vol. li 1«M. p. 7S. 

<" *yr*r. for iimt^uf*:. The gene*!** of ore depoit*: Trans. Am. lust. Min. Eng., laC p. 648. 

''Op. <'it.. p. 716. 
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Study of the Morenci contact zone as a whole proves conclusively that most 
hnportant accessions of substance have been received. The rocks inside of the 
altered zone contain an enormous amount of sulphur, iron, copper, and zinc. 
Iron is of course contained in the unaltered rocks to some extent, but in nothin^^ 
like the quantities accumulated in the contact zone; sulphur, copper, and zinc in 
noticeable amounts arc absent from the unaltered rocks. Were they present to 
the amount of a small fraction of the percentage contained in the contact zone, 
direct observation and surface oxidation would easily expose their presence. The 
minerals in which these substances are contained were certainlv formed contem- 
poraneously with the ordinary contact minerals. 

The metasomatic development of magnetite in pure limestones may be 
observed in almost countless localities at Morenci and Metcalf. We know that 
iron was not contained to this amount in the original rock, but to demonstrate 
its actual derivation is of course difficult. The question becomes clear only 
when we compare the contact zone as a whole with the original unaltered rocks. 

It seems very strange that anyone can doubt the possibility of such additions 
and overlook what must happen when a magma in aqueous fusion is suddenly 
brought up to higher levels and strongly ionized water gas, above the critical 
temperature, is largely released from its bonds. It must of necessity contain 
dissolved substances. Even at comparatively low temj^eratures water is one of 
the most powerful solvents known, and its action, when a perfect gas, is probably 
far in excess of that at 100^ or 2(M)'^. It is well known that some rapidly congealed 
rocks like the *'pitchstone'' from Saxony contains up to 8 per cent water, indicating 
an amount of water gas which, at +4^, would correspond to 250 or 300 liters per 
cubic meter of magma. All magmas may of course not have contained this amount. 
The water gas seems to have penetrated the limestones like a sponge, inducing 
extreme molecular mobility. Even if we deny any additions of substance a most 
remarkable transferring of substance has taken place in the rock, as shown, for 
instance, by large crystals of garnet in limestones of uniform composition and 
containing far less iron and silica than the amounts required by the newly formed 
mineral.'' In a chapter on inclusions cogent proof will be brought that the 
magma actually was accompanied In^ water containing dissolved a large amount 
of substances. 

A misapprehension of the character of contact deposits seems to exist in many 
quarters, as shown, for instance, by Professor Klockmann, * in considering the 

a E. Weinschenk, VerKleichende .Stiulien iiebcr den Kuntaktmetamurphismus: ZeitHchr. Deutsch. Keol. Gesell., vol. 
54, 1902, p. 443. 

hZeitechr. prakt. (Je<>l., vol. 12, p. 75. 
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presence of minerals containing l>oron, fluorine, etc., as necessary to prove the 
contact-nietaniorphic character of these deposits. To such argumenb^ I would 
reply that the character of magniatic waters evidently varies greatly in diflferent 
magmas. Some may carry large amounts of the substances mentioned, as shown 
by the presence of tourmaline, cassiterite, and other minerals in the contact- 
metamorphic rocks, while others may be almost wholly deficient in these and 
carry instead sulphur, copper, iron, and other metals. Any attempt to reduce 
the wonderful variety in the contact-metamorphic deposits to a single pattern is 
doomed to failure. 

In a short paper dealing with contact-metamorphic deposits in North Amer- 
ica** I emphasized the irregular form of most ore deposits of this kind and stated 
that .they only occur close to the contact or at most a hundred feet away. In 
view of better ac(|uaintance with this type this statement should be modified; as 
far as we know at present they may occur several hundred or even 2,000 feet 
away from the contact. In fact, disseminated sulphides and magnetite occur at 
Morenci up to 2,(X>0 feet from the main contact. 

A tabular form of deiwsits is often noted; this is usually due to the strongly 
marked difference in susc*eptibility of the various beds. Wherever the deposits 
have been enriched by oxidation the fonii may be more or less dependent upon 
those changes. 

Mr. W. H. Weed has noted this tabular shape in contact deposits at Cananea, 
Mexico, and makes the form a basis of classification.* I do not believe, however, 
that distance from contact (within limits given above) or shape are at all essen- 
tial, and can find no mineralogical differences between deposits varying in these 
respects. 

llYl>UOTIIKRMAI. MEl^AMORPIIISM. 

GENERAL STATEMENTS. 

Both the porphyry and the contact zone at Morenci and Metcalf are traversed 
by quartzose fissure veins (containing cupriferous pyrite and zinc blende. Over 
an extensive area between Morenci and Metcalf, and especially at Metcalf, the 
porphyry and the gmnite are shattered and recemented b\' quartz veinlets. These 
phenomena must of necessity have taken place after the consolidation of the por- 
phyry. Tlieii- study and relation to contact metamorphism, which doubtless chiefly 
took place l)ef()re and during the consolidation of the magma, thus becomes of 
the gn»atcst importance. The porphyry adjacent to these lodes and occupying 

"TraiiM. Am. Inst. Min. Kii^.. vol. 31, 1901, i». 226. 

'» WftMl, W. M.. Ore «!t'iM>».il.s near IgiKMHis ronlucts: Trans. Am. Inst. Mln. Kug., vol. 32, 1908, pp. 715-746. 
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the shattered zones which accompany them, alters to a sericite-quartz-pyrite rock, 
while in the limestone the phenomena are more complex. The veins are here 
often surrounded by narrow zones of tremolite. 

ALTERATION OF THE PORPHYRY. 

Altered areas, — A series of lodes with northeast trend cut through the por- 
phyry at Morenci, extending from the saddle west of Copper Mountain to the 
Detroit concentrator. Other parallel veins follow the Arizona Central dike. The 
whole of Copper Mountain and the dike mentioned are altered, though in a few 
places unaltered porphyry may locally appear in some of the crosscuts in the 
mines. The great porphyry ridge west of Copper Mountain is chiefly composed 
of unaltered porphyry, and fresh porphyry is correspondingly exi)osed in the 
western part of the Lone Star and the central part of the Butler tunnel (see PI. 
XVIII). Many of the dikes have been followed by fracture zones and have 
become more or less thoroughl}'^ altered. Among these are the Joy dike, the 
West Yankie dike at the Detroit concentrator, and many others near the Monte- 
zuma mine. Others remain practically unaffected; among them are several 
smaller dikes in the Arizona Central mine, one or two in the R^-erson and the 
Montezuma mines, and several among those cutting Modoc Mountain and the 
Longfellow mine. Toward the north end of Butler tunnel, near the Carasco 
mine, the alteration again increases and extends more or less continuous!}' by the 
Fairbanks and Copper Queen mines to Metcalf. 

At Metcalf a large area extending from the Standard and King mines up 
to and including Shannon Mountain with the Metcalf mines is occupied by 
porph} ry filled by irregular quartz seams and complete!}' sericitized. This altered 
zone also extends over a part of the hills west of the town. Practically all of 
the dikes on Shannon Mountain are similarlv altered. 

It is plain from tliis statement that this rock alteration is not confined to 
the immediate vicinity of lodes, veins, and veirdets, but spreads over larger areas 
corresponding to the general outline of the shattered zone. The same altered 
rocks are found on all levels in the mines within this zone. 

The porphyry soeins to possess a certain porosity and looseness of grain, 
making it easily permeable to solutions. This cjuality also finds expression in 
the rounded outcrops and sandy soils of the unaltered areas. 

Charartrr of (tltf^raflott, — The sericitized rock becomes bleached, dull white, 
and chalky; the feldspar prisms lose their luster; albite and oligoclase, as well as 
orthoclase, become filled with sericite foils, at first oriented parallel to the 
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•irttr-Hjo. :in«i later completely p^eudomorpbed by a serieite felt mixed with oeca- 
^i'.om iiuirtz ^^Triia-^. No epidote nor chlorite derelop in the feldspars. The 
iiiiirrz Daeruirrv'^t'* remain unaltered. The biotite dr?t becomes concerted to 

V ^ ■* 

•:iu*/rT^ mri incite, and is <»metime?* also peteodomorphed to the latter mineral. 
1:1 ▼hi'ytly Altered rcufc* the chlorite is tran.>formed to irregularly r^preading ser- 
5imrlne. often ditficult of detection. A little epidote L* occasionally present. 
SuuViln and rhsiloedonic quartz are found in places, but are •'onnected with a later 
pm«*e?^ of chaltTicitization. 

In the groundma^.s of the porphyry the feldspars are timnsformed into an 
air;;rr>»$r%te of «ericite. the quartz grains remaining unaltered. Finally pyrite 
form.^ more or less abundantly, usually in cubes or pentagonal dodecahedrons* 
<imetiTne> alsri in o<-tahedrons. and develops by replacement in the groundmass 
aa* well ik* in the feldspars, more rarely in the quartz grains: chalcopyrite, zinc 
Mende. and moIvMenite are rarely observed. The original magnetite in the por- 
phyry i.^ evidently transfonned into pyrite. The titanium in the ilmenite or in 
the magnetite assumes the form of small dark-brown prisms of rutile. 

Very commonly seams of allotriomorphic granular or partly idiomorphic 
quartz traverse the rrx-ks. In certain parts chalcocite k very abundant, in inti- 
mate intergrowth with pyrite: but this is a later development and will be described 
under prrice?v*e> due to oxidation. 

The process just described is thoroughly characteristic for the whole area 
mentioned a^love. Even in the most -altered rocks the original structure is often 
plainly visible (¥1 XIII, .1). 

A series of analvses were made of these altered porphyries of Copper Moun- 
tain at Morenci. 

Xo. I is a comparatively fresh porphyry from the first level of the Ryerson 
mine. and. it is Fielieved, represents the typical original rock of that altered zone. 
I>es^;ription of this may ^>e found on page 81. 

No. II was taken adjoining a 2-inch pyrite vein in the foot wall of the Humboldt 
vein at the .s<>uth western end of the drift, near the line l>etween Morenci and Eagle 
claims. It is a soft, white, chalk}' roc-k with scattered pyrite: on a few seams a 
litth' thaU'tHAU' apix-jir.**. This locality is GoO feet l>elow the surface and somewhat 
lielow tin- rhalccM'ite zone, properly speaking: some oxidation and chalcocitization 
of the vein i>. however, present. The rock is principally a felted mass of sericite 
with -^orne gi-aimlar cpiartz, and i> cut by veinlets of kaolin. Pyrite is developed 
rhroujrhout in jrniiris and crystals: none appear, however, in the kaolin veinlets. 
A litth- zirif blende, chiilcopyrite, and niolylKlenito occur as irregular grains and 
H<^^rciriit('>: al>o a few prisms of rutile and isolated zircons. 
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No. Ill was taken from the intermediate level of the Ryerson mine, 550 feet 
west of West Yankie shaft, about 300 feet below the surface. It is a hard, white, 
quartzitic porph3^ry witli scattered small pyrite crystals. The original structure is 
almost lost, but under the microscope the outlines of feldspar crystals are still 
visible. The rock consists chieli}^ of a very fine sericite felt with granular quartz; 
the latter also occurs as veinlets with pyrite. Chalcocite does not occur abundantly 
in these hard and siliceous altered rocks. 

No. IV is from one of the big stopes of Humboldt lode, Ryerson mine, above 
the lower adit level, and about 450 feet below the surface. It is a soft, white, 
chalk}^ rock, with gritt}^ feel, from the many included quartz grains, cut by many 
small seams of pyrite and chalcopyrite. In thin section the porphyry structure 
is retained, as well as the contours of the feldspars. They are, however, entirely 
converted into sericite felt; the groundmass consists of granular quartz, well 
filled with sericite foils. Remnants of biotite crvstals are transformed to sericite 
and serpentine. Pyrite occurs in crystals and anhedrons, largely in the altered 
feldspars, but also occurs with small masses of granular quartz. One zircon and 
some doubtful rutile crystals were noted. 

No. V was collected from the surface of the northeast vspur of Copper Mountain, 
500 feet southwest of West Yankie shaft, where it formed brownish-gra}^ hard 
outcrops. It is of dull-white color, the porphyry structure still visible. A thin 
section shows it to be an entirely sericitized rock with pseudomorphs of feldspars 
and biotite. The groundmass consists mainly of fine-grained quartz, with sericite 
foils. No pyrite is present. 
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manner, in the calcite and the dolomite. The onlv oth(»r constituents are scattered 
foils of chlorite, anhedrons of titanite (?), and aggre^tes of chalcopyrite, the 
latter in places intergrown with magnetite. 

On the whole, there is in the Longfellow limestone a distinct belt of intense 
and almost complete alteration to garnet, diopside, epidote, etc. Roughly speak- 
ing, it follows the main contact from the point where the limestones first come 
into contact with the porphyry, in a northeasterly direction through the Arizona 
Central, Manganese Blue, Montezuma, and East Yankie mines (north dike Long- 
fellow), to the place where the limestones cease. This belt is only about 600 feet 
wide and mine workings to the southeast of it run into much less altered rock. 
Those parts of the limestone series which project into the porphyry, oT which are 
entirely surrounded by it, seem on the whole less altered. 

ft' ft ^ 

These rocks of the Longfellow formation haye certainly received an access of 
iron, sulphur, copper, and zinc. Whether magnesia and silica have l)een added is 
more doubtful; in some cases it would seem that this has happened, but as it is 
known that the formation contains a certain amount of both of these substances, 
it is hardl}' possible to answer that question with much assurance, as vigorous 
transferring of material may have oc(;urred Ijetween the various beds. 

Considering the wide distribution of sulphides and magnetite throughout this 
contact-metamorphic zone, it is evident that the later i>rocesses of oxidation here 
encountered a most fruitful field for the concentration of copper ores. 

CONTACT ZONE OF SHANNON MOUNTAIN. 

On Shannon Mountain, at Metcalf, an entirely similar set of phenomena are 
encountered. A mass of down-faulted sediments comprising the whole series 
from the Coronado quartzite to the Modoc limestone and occupying an area of 
about 100 acres lies here at the contact of the main stock and is cut by several 
dikes extending from it. A detailed description may be found on page 305. 
The Modoc limestone, which here contains 3 per cent of silica, lime, and iron, 
and 9 per cent of magnesic carbonate, is converted to a mass of dark-brown 
garnet and iron ore much oxidized in places, forming the summit of the moun- 
tain. An analysis of this garnet is given on page 134. Small masses of highly 
crystalline crumbling limestone are preserved in some places and give good 
opportunity for studying the transformation into garnet; as usual this takes place 
rather abruptly. PI. VIII, A^ illustrates the development of small crystals of 
garnets and pyroxene in the limestone at the contact. Near the contact small 
masses of garnet rock are inclosed in the coarsely crystalline limestone. Sections 
of these show closely massed crj^stals of garnet, between which lies a little residual 
calcite and a few grains of quartz. While copper stairs are abundant in these 
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rocks and the products of oxidization contain mucli zinc, no unaltered sulphides, 
except a few grains of pyrite, have been observed. 

The dolomite member found at Morenci in the lower part of the Modoc 
limestone is not represented here. The Morenci formation is as usual repre- 
sented by shales which contain epidote and oxidized copper ores, especially near 
the dike contacts. In certain parts of the shales seams of pyrite and chalcopyrite 
are very a})undant, but these are proba})ly rather produced by hydrothermal than 
by contact metamorphism. 

The Longfellow limestone is most altered on the side of the main porphyry 
stock and along the dikes, but is more or less affected throughout the whole area. 
The bluish-gniy and rather dense limestones are to some extent dolomitic and 
contain more or less silica. The same irregular alteration noted at Morenci char- 
acterizes it here. Garnet has developed in several places, notably near the red 
ore body, near the top of the Longfellow formation, and along a porphyry dike 
on the northeast side of the limestone area. In the red ore body the rocks are 
very much oxidized, but on its outskirts specimens were found consisting of partly 
decomposed garnet with included grains of chalcopyrite. On the same level 
(Boulder tunnel, end of north drift) specimens were collected showing a greenish- 
gray, fine-grained limestone with abundant grains of chalcop3'rite; toward one 
end of the specimen this changes gradually into massive garnet, containing grains of 
chalcopyrite. Seams containing pyrite and chalcopyrite also cut through the rock. 
Thin sections show that pyroxene, garnet, and epidote alternately prevail in dif- 
ferent parts of the same slide. Very intimate intergrowth of chalcopyrite and 
epidote was observed, and the garnet contains a network of chalcop^'rite, probably 
due to i-eplacement of residuary calcite between the garnet grains. In other sec- 
tions the garnet includes grains of chalcop^^rite of simultaneous cr^'stallization. 
Veinlets of pyrite and chalcop3'rite, associated with epidote, calcite, and a little 
diopside, cut the rock in places and, spreading from them, chalcopyrite has occa 
sionally replaced the garnet. This specimen shows evidence of two periods of min- 
eralization, one Ijeing distinctly connected with the general metamorphism of the 
rock, and the other with later vein action. Entirely unoxidized metamorphic rocks 
are exposed in the Black Hawk No. 3 tunnel, ItJO feet below the Boulder tunnel, 
in the lower part of Longfellow formation. The rocks are grayish green and 
tine grained; the}' consist of calcite, diopside, and tremolite, with scattered grains 
of magnetite, p3-rite, and chalcopyrite. Veinlets of coarse calcite, with inter- 
grown grains of p^-rite and magnetite, cross the rock and are adjoined by a zone 
of alteration about half the width of the vein, consisting of colorless tremolite 
prisms (PI. X, B). 
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SUMMARY AND DISCUSSION. 

The aJ)ove description has shown that in the limestones and shales near the 
contact of the main stock and the dikes of (|iuirtz-monzonite-porphyry and 
fj^ranite-ix>rphyr\' the* following minerals have been formed by practically simul- 
taneous replacement: Garnet, epidote, pyroxene (diopside), amphibole (tremolite). 
magnetite, s|>ecularite. pyrite, chalcopyrite, and zinc blende. This metamorphism 
is directly de|>endent upon the proximity of the contact and apparently also uixm 
the acidic character of the porphyr}', the diorite-porphyry exerting little influ- 
ence, while the granite-ix)rph3ry and the monzonite-porphyry produce an intense 
alteration. It is not — except to a minor degree as qualified l>elow under the 
heading of hydrothermal metamorphism — due to waters circulating on fissures 
and must l)e ascrilied to the direct influence of some su!>stance contained in the 
molten magma of iK)rphyr3'. The altered rocks have beyond all doubt generally 
received a great access of iron, sulphur, copper, and zinc, and in the c«se of 
pure limestones, which over large areas have liecome converted into almost pure 
garnet rocks, lmv<» received inunense amounts of ferri<^ oxide and silica. 

While the main contact zone is clearly dependent upon the proximity of the 
princiiml stock of jx)rph\'rv. it seems that some of the dikes near that contact 
have exerted a specially strong influence. In the limestones — even in those of 
greatest purity — massive ei>idote is apt to dt»velop along the immediate contact 
of the dikes, thus implying a limited transfer of alumina. A few feet away the 
garnet Iwgins, and of course, as a lime-iron silicate, contains a very small 
proportion of alumina (s<»e analyses on p. 134), probably almost exactly the amount 
originally contained in the limestone. 

The contacts with the porphyry are sharp and show no indication of 
assimilation. Th(» contact-metamorphic rocks are always — when unaffec*ted by 
oxidation — hard and comjMict; oxidizing waters find it much more difficult to 
attiick them than the j)oroiis porphyry. Considering that great amounts of 
cjirbon dioxide — up to 40 per cent — have certainly been expelled during the 
metamoi'j)hism. a great shrinkage of volume should have taken place which could 
hardly fail to be noticed in the structure and thickness of the metamorphosed 
strata. I Iwlieve that in general this loss has been fully counterbalanced by 
additions of su})stance from the magmatic waters. 

C'omparing tht^se contact pli<»nomena with those of other locralities described 
in the literature* a gn»at many points of similarity appear at once. Characteristic, 
among other things, is the slow change of the shales and the sudden metamor- 
phism of tlie limestonos, e.siK»ciaIly the pure limestones, which, if metamorphosed 
at all, attain their full metamorphic development almost at once. 



SUMMARY AND DISCUSSION. 161 

Most of the described contact zones refer to granites or diorites; no changes 
along the contacts of porphyries comparable to the Morenci and Metcalf zones 
have ever been, examined, so far as I am aware. 

Vesuvianite and wollastonite, common in many contact zones, have not been 
identified with certainty^ in this district. The alteration of the shales is also 
peculiar. Instead of the ordinary knotty schist and hornfels, with a great 
development of biotite, andalusite, staurolite, and feldspars, there is found at 
Morenci a greenish hornfels, with much amphibole (tremolite), epidote, pyrite, 
and magnetite. The Morenci shales are somewhat unusual in composition, with 
high lime, magnesia, and iron. Amphibolitic hornfels is, however, not unknown, 
and has been described by Professor BrOgger from the Christiania field. 

The question whether contact-metamorphic rocks simply represent a recrys- 
tallization, or whether they have received additional substance from the cooling 
magma, is a most important one. Professor Rosenbusch believes that little or no 
additional substance has been received, and considers that it is possible to deter- 
mine the original character of metamorphic rocks from their present composition." 

Professor Zirkel* says that in nearly all cases the contact-metamorphic rocks 
simply represent a recrystallization of original constituents. He believes that the 
contact metamorphism took plaire b}^ reason of the pressure and heat exerted 
by the molten rock, and speaks rather slightingly^ of the view that substance 
from the magma can be transferred to the surrounding stmta, although admit- 
ting that in one or two cases it seems to have happened. Professor BrOgger, 
to whom we owe a most careful description of the Christiania contact zone, states 
that the alteration at that place seems to involve chiefly a recrystallization, 
although certain of the phenomena strongly suggest local accession of material, 
though perhaps rather from adjacent strata than from the intrusive bod3\ 

The idea of determining the original composition of metamorphic rocks is 
followed out by Dr. »l. Barrell in his study of certain contact-metamorphic rocks 
of Montana. In his paper' he advances the generalization that "'carbonic acid 
is expelled only where the siliceous impurities of the limestone are suflicient to 
combine with the lime set free.'- Based on this he obtains the further result 
that a great loss of volume has taken place, and that it is }X)ssible to oilculate 
original constituents, kaolin, silica, .magnesite, and calcite from any given rock 
more or less altered to wolla^stonite, garnet, epidote, etc. If these stat<mients are 



a •* Man kaiin es also als eln Gesetz aiiHsprechen d&ss bv\ der Kontaktmetamorphost' um Tiefengestelne das Eruptivgc- 
stein iiur physikaliwjh uud im allgemeinen nicht durcli StoffabKabc* ehemiKch wirkte.'* Mier. Physic^r.. ;M od., p. 85. 
^Lehrbuch der Petrogmphle, '2d ed., vol. 1, pp. 587-588. 
«?Ain. Jour. Soi.. vol. 13. April. 1902. 

16859— No. 4:i— 05 11 
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reall}^ meant as generalizations, as would appear from the paper, they are not 
supported b^^ convincing proofs. Magmatic additions are mentioned, but receive 
scant treatment.^ 

This seems a rather crushing array of testimony from the petrographi<'. side, 
and it has even been intimated by Professor Klockmann,* in a recent paper com- 
bating the theory of transfer of material from magmas to sediments, that it ought 
to be sufficient to settle the question. While I do not doubt in the least the 
correctness of the conclusions drawn in individual cases bv such eminent authors 
as Professors Kosenbusch and Zirkel, it is certain that contact metamorphism 
manifests itself in many various ways, and that the particular phases connected 
with mineral deposits have been rather conspicuously neglected by many petro- 
graphers, whose data and statements in regard to the occurrence of ores, even in 
ordinary rocks, has always seemed to me to suffer somewhat from lack of detail 
and precision. 

On the other hand many French authors, among these Professor Michel Levy, 
and lately Prof. J. H. L. Vogt,^ of Christiania, together with a growing number of 
younger scientific men, have strongly contended that many substances are given 
off by the cooling magma and enter the adjoining strata. This view is shared by 
myself and expressed in a recent paper on contact-metamorphism deposits.^ 

The truth seems to be that in many cases no perceptible accession of substance 
from the magma has taken place, while perhaps in as many more important addi- 
tions have been received. How far the heat and the gases from the intruded 
magma will penetrate and what effects they will produce depends on many factors. 
As shown above, the composition of the magma is sometimes a factor of impor- 
tance. In the case of the Morenci contact zone the amount of substance available 
seems to stand in direct relation to the amount of quartz in the porphyry. In 
many intrusive bodies there may be a very small quantity of water gas present; 
the access of material may then be slight, and the contact phenomena mostly due 
to the heat of the rock. The difference in susceptibility of the various beds is 
also strongly marked; all investigators agree on this point. In this district impure 
and very compact limestones resist altei'ation much more than coarse-grained pure 
rocks of the same kind, and, as shown above, the change in composition in the 
C4ise of clay shales is extremely slight. 

" Weed. W. H.. Geolc^y and ore deposits of Klkhom mining diBtrict, Montana: Twenty-second Ann. Rept. U. 8. 
Geol. Survey, pt. 2. 1901. 

/'ZeitBchr. prakt. Geol.. vol. 12, 1904. p. 78. 

c See. for iiiHtance, The genesiB of ore depONits: TrauH. Am. IiiHt. Miu. Eng.. 1902, p. 648. 

'*0p. cit., p. 716. 
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Study of the Morenci contact zone as a whole proves conclusively that most 
important accessions of substance have F>een received. The rocks inside of the 
altered zone contain an enormous amount of sulphur, iron, copper, and zinc. 
Iron is of course contained in the unaltered rocks to some extent, but in nothin^^ 
like the quantities accumulated in the contact zone; sulphur, copper, and zinc in 
noticeable amounts are absent from the unaltered rocks. Were they present to 
the amount of a small fraction of the percentage cx)ntained in the contact zone, 
direct observation and surface oxidation would easily expose their presence. The 
minerals in which these substances are contained were certainlv formed contem- 
poraneously wdth the ordinary contact minerals. 

The metasomatic development of magnetite in pure limestones may be 
observed in almost countless localities at Morenci and Metcalf. We know that 
iron was not contained to this amount in the original rock, but to demonstrate 
its actual derivation is of course difficult. The question becomes clear only 
when we compare the contact zone as a whole with the original unaltered rocks. 

It seems very strange that anyone can doubt the possibility of such additions 
and overlook what must happen when a magma in aqueous fusion is suddenly 
brought up to higher levels and strongly ionized water gas, above the critical 
temperature, is largely released from its bonds. It must of necessity contain 
dissolved substances. Even at comparatively low temperatures water is one of 
the most powerful solvents known, and its action, when a perfect gas, is probably 
far in excess of that at 100^ or 2(X)"^. It is well known that some rapidly congealed 
rocks like the ''pitchstone'' from Saxony contains up to 8 per cent water, indicating 
an amount of water gas which, at +4^, would correspond to 250 or 300 liters per 
cubic meter of magma. All magmas may of course not have contained this amount. 
The water gas seems to have penetrated the limestones like a sponge, inducing 
extreme molecular mobilitv. Even if we denv anv additions of substance a most 
remarkable transferring of substance has taken place in the rock, as shown, for 
instance, by large crystals of garnet in limestones of uniform composition and 
containing far less iron and silica than the amounts required by the newly formed 
mineral.'' In a chapter on inclusions cogent proof will be brought that the 
magma actually was accompanied by water containing dissolved a large amount 
of substances. 

A misapprehension of the character of contact deposits seems to exist in many 
quarters, as shown, for instance, by Professor Klockmann, * in considering the 

n E. Weinschenk, Vergleiohende Studien ueber den KontaktmetamorphismuK: Zeitsehr. Deutoch. geol. Gem*!!., vol. 
51, 1902, p. 443. 

hZeitschr. prakt. Gw)l., vol. 12, p. lb. 
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presence of minerals containing boron, fluorine, etc., as necessar}' to prove the 
contact-nietamorphic character of these deposits. To such arguments I would 
reply that the character of magmatic waters evidentl}^ varies greatly in different 
magmas. Some may carry large amounts of the substances mentioned, as shown 
by the presence of tourmaline, cassiterite, and other minerals in the contact- 
metamorphic rocks, while others may be almost wholly deficient in these and 
carry instead sulphur, copper, iron, and other metals. Any attempt to reduce 
the wonderful variety in the contact-metamorphic deposits to a single pattern is 
doomed to failure. 

In a short paper dealing with contact-metamorphic deposits in North Amer- 
ica'' I emphasized the irregular fomi of most ore deposits of this kind and stated 
tlrnt .they 011I3' occur close to the contact or at most a hundred feet away. In 
view of better acquaintance with this type this statement should be modified; as 
far as we know at present they may occur several hundred or even 2,000 feet 
away from the contact. In fact, disseminated sulphides and magnetite occur at 
Morenci up to 2,000 feet from the main contact. 

A tabular form of deposits is often noted; this is usually due to the strongly 
marked difference in susceptibilit}' of the various beds. Wherever the deposits 
have been enriched by oxidation the form may be more or less dependent upon 
those changes. 

Mr. W. II. Weed has noted this tabular shape in contact deposits at Cananea, 
Mexico, and makes the form a basis of classification.* I do not believe, however, 
that distance from contact (within limits given above) or shape are at all essen- 
tial, and (»an find no mineralogical differences between deposits varying in these 
respects. 

HYDUOTHKKMAI^ METAMORPHI8M. 

GENERAL STATEMENTS. 

Both the poiphyry and the contact zone at Morenci and Metcalf are traversed 
by quartzose fissure veins containing cupriferous pyrite and zinc blende. Over 
an extensive area between Morenci and Metcalf, and especially at Metcalf, the 
porphyry and the granite are shattered and recemented by quartz veinlets. These 
phenomena must of necessity have taken place after the consolidation of the por- 
phyry. Their study and relation to contact metamorphism, which doubtless chiefl\' 
took place before and during the consolidation of the magma, thus becomes of 
the greatest importance. The porphyry adjacent to these lodes and occupying 



"Trans. Am. IiiNt. Min. Kiik-, vt)l. 31,1901, p. 226. 

ft Weoil, W. H., i^T^} depoj!.lUM near igneous contacts: Trans. Am. Inst. Mln. Eng., vol. 32, 1903, pp. 716-746. 
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the shattered zones which accompany them, alters to a sericite-quartz-pyrite rock, 
while in the limestone the phenomena are more complex. The veins are here 
often surrounded by narrow zones of tremolite. 

ALTERATION OF THE PORPHYRY. 

Altered areas. — A series of lodes with northeast trend cut through the por- 
phyr}' at Morenci, extending from the saddle west of Copper Mountain to the 
Detroit concentrator. Other parallel veins follow the Arizona Central dike. The 
whole of Copper Mountain and the dike mentioned are altered, though in a few 
places unaltered porphyry may locally appear in some of the crosscuts in the 
mines. The greiit porphyry ridge west of Copper Mountain is chiefly composed 
of unaltered porphyry, and fresh porphyry is correspondingly exposed in the 
western part of the Lone Star and the central part of the Butler tunnel (see PI. 
XVIII). Many of the dikes have been followed by fmcture zone.s and have 
become more or less thoroughly altered. Among these are the Joy dike, the 
West Yankie dike at the Detroit concentrator, and manv others near the Monte- 
zuma mine. Others remain practically unaffected; among them are several 
smaller dikes in the Arizona Central mine, one or two in the Rverson and the 
Montezuma mines, and several among those cutting Modoc Mountain and the 
Longfellow mine. Toward the north end of Butler tunnel, near the Carasco 
mine, the alteration again increases and extends more or less continuously by the 
Fairbanks and Copper Queen mines to Metcalf. 

At Metcalf a large area extending from the Standard and King mines up 
to and including Shannon Mountain with the Metcalf mines is occupied by 
porphyry filled by irregular quartz seams and completely sericitized. This altered 
zone also extends over a part of the hills west of the town. Practically all of 
the dikes on Shannon Mountain are similarlv altered. 

It is plain from this statement that this rock alteration is not confined to 
the inunediate vicinity of lodes, veins, and veinlets, but spreads over larger areas 
corresponding to the general outline of the shattered zone. The same altered 
rocks are found on all levels in the mines within this zone. 

The porphyry seems to i)ossess a certain porosity and looseness of grain, 
making it ejisily j^ermeable to solutions. This (juality also finds expression in 
the rounded outcrops and sandy soils of the unaltered areas. 

Charncter of nHcrnthin, — The sericitized rock becomes bleached, dull white, 
and chalky: the feldspar prisms lose their luster; albite and oligoclase, as well as 
orthoclase, become filled with sericite foils, at first oriented parallel to the 
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cleavage, and later completely' pseudomorphed by a sericite felt mixed with occa- 
sional quartz grains. No epidote nor chlorite develop in the feldspars. The 
quartz phenocrysts remain unaltered. The biotite first becomes converted to 
chlorite and sericite, and is sometimes also pseudomorphed to the latter mineral. 
In wholly altered rocks the chlorite is transformed to irregularly- spreading ser- 
pentine, often diflScult of detection. A little epidote is occasionally present. 
Kaolin and chalcedonic quartz are found in places, but are connected with a later 
process of chalcocitization. 

In the groundmass of the porphyry the feldspars are transformed into an 
aggregate of sericite, the quartz grains remaining unaltered. Finally pyrite 
forms more or less abundantly, usually in cubes or pentagonal dodecahedrons, 
sometimes" also in octahedrons, and develops by replacement in the groundmass 
as well as in the feldspars, more rarely in the quartz grains; chalcopyrite, zinc 
blende, and molybdenite are rarely observed. The original magnetite in the por- 
phyry is evidently transformed into pyrite. The titanium in the ilmenite or in 
the magnetite assumes the form of small dark-brown prisms of rutile. 

Very commonly seams of allotriomoiphic granular or partly idiomorphic 
quartz traverse the rocks. In certain parts chalcocite is very abundant, in inti- 
mate intcrgrowth with pyrite; but this is a later development and will be described 
under processes due to oxidation. 

The process just described is thoroughly' characteristic for the whole area 
mentioned above. Even in the most-altered rocks the original structure is often 
plainly visible (PI. XIII, ^1). 

A series of analyses were made of these altered porphyries of Copper Moun- 
tain at Morenci. 

No. I is a comparatively fresh poi^ph^-ry from the first level of the Ryerson 
mine, and, it is believed, represents the typical original rock of that altered zone. 
Description of this may be found on page 81. 

No. II was taken adjoining a 2-inch pyrite vein in the foot wall of the Humboldt 
vein at the southwestern end of the drift, near the line between Morenci and Eagle 
claims. It is a soft, white, chalky rock with scattered pyrite; on a few seams a 
little chal(!()cito app(^ars. This locality is 0(X) feet below the surface and somewhat 
below the chalcociti* zone, properh' speaking; some oxidation and chalcocitization 
of the vein is, however, [iresent. The rock is principally a felted mass of sericite 
with some granular cjuartz, and is cut by veinlets of kaolin. Pyrite is developed 
throughout in grains and crystals; none appear, however, in the kaolin veinlets. 
A little zinc })londe, chalcopyrite, and molj^lKlenite occur as irregular grains and 
aggregates; also ii few prisms of rutile and isolated zircons. 
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No. Ill was taken from the intermediate level of the Ryerson mine, 550 feet 
west of West Yankie shaft, about 300 feet below the surface. It is a hard, white, 
quartzitic porphyry with scattered small pyrite crystals. The original structure is 
almost lost, but under the microscope the outlines of felctspar crystals are still 
visible. The rock consists chieli}^ of a very fine sericite felt witli granular quartz; 
the latter also occurs as v einlets with pyrite. Chalcocite does not occur abundantly 
in these hard and siliceous altered rocks. 

No. IV is from one of the big stopes of Humboldt lode, R^-erson mine, above 
the lower adit level, and about 450 feet below the surface. It is a soft, white, 
chalky rock, with gritty feel, from the many included quartz grains, cut b}' many 
small seams of p3'rite and chalcopyrite. In thin section the porphyry structure 
is retained, as well as the contours of the feldspars. They are, however, entirely 
converted into sericite felt; the groundmass consists of graimlar quartz, well 
filled with sericite foils. Remnants of biotite crvstals are transformed to sericite 
and serpentine. Pyrite occurs in crystals and anhedrons, largely in the altered 
feldspars, but also occurs with small masses of granular quartz. One zircon and 
some doubtful rutile crystals were noted. 

No. V was collected from the surface of the northeast spur of Copper Mountain, 
500 feet southwest of West Yankie shaft, where it formed brownish-gray hard 
outcrops. It is of dull-white color, the porphyry structure still visible. A thin 
section shows it to be an entirely sericitized rock with pseudomorphs of feldspars 
and biotite. The groundmass consists mainly of tine-grained quartz, with sericite 
foils. No p3- rite is present. 
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From the data of analyses and sections the rocks were calculated as follows; 
the computations were kindly undertaken by Mr. L. C. Graton: 

Analyses of fresh and altered porphyry from the mines at Morenci. 

[W. F. Hillebrand, analyst.] 
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64.88 
16.41 

<-.65 

1.12 
.11 
.12 
4.96 
.83 
2.74 
.38 

Trace. 

None. 
.12 
.10 

Trace? 
.07 

Trace. 

Trace. 



{ 



4.96 

2.42 

None. 



None. 



99.87 



<'A8 Fe-Os. 



72.78 

15.35 

.55 

.10 

.89 

.14 

.36 

5.00 

1.21 

3.22 

.45 

Trace. 

None. 

.06 

.08 

None. 

.02 

None. 

Trace. 



.06 



100. 26 



"Thcso values are <iuite imoortain. ^ Approximate. 

I. Fresh monz(>nite-ix>rphyry. Ryerson mine, first level. 

II. AltcrcMl nionzonite-porphyry. Ryerson mine, first level; drift on Humboldt vein at end 
of small (Toss(!ut in foot wall 40 feet ea'^t of Hnml)oldt claim line. 

III. Altere<l (ailicified) porphyry. Ryerson mine, intermediate level, 550 feet west of West 
Yankie shaft. 

IV. AltcHMl porphyry within chalcocite zone. Ryerson mine, lower adit level, Humboldt 
vein, from stopes 70 feet wide, 80 feet above level. 

V. Altered porphyry. From slope of CopiH»r Mountain, 5(X) feet southwest of West Yankie 
shaft. 
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Mineral contents of fresh and altered qiiartz-monzonite-porphyries. 





I- 

21.35 

13. 12 

45.26 

9.52 

.28 

.02 

.41 

.81 


19.13 


III. 

49.33 



IV. 

43. 03 



V. 


Quartz 

Orthoolase i niol. ) -. 


50.81 


Albite (mol. ) 











Anorthite ( mol. ^ 


: ' ; 


Apatite 


.36 



.12 





.12 


Zircon 

Magnetite 

Ilmenite 


••*«•*•«•• 


Rutile 


.43 

:^.50 

17.90 


.41 
43. 44 


44.94 


.45 


Sericite 

Kaolin - --- 


3. 75 


44.29 


Chlorite 




«3.04 

ft. 98 
(7.59 




i 


Seroentine 


^^2.81 


<n.7i 

.43 

.26(?) 
1.00 
3.09 

.07 


''2.74 

.26(?) 

.83 
4.96 
2.42 


/2.71 


Eoidot^ 


0^.36 




.46(?) 
.94 
19.18 
.24 
.32 
.20 

100.47 


.21(?) 
1.21 


Water (below 100° C.) 


.60 
.24 
.02 
.03 


FeS, 


.06 


Cu,S 




ZnS 




MoS, 





' 






99.86 


99.86 






100.02 


100.22 




/0.K9 per cent MjfO. 0.95 percent HjO residue with 0. 87 per cent 8iO-— too high in HoO for serpentine. 
»Al803:Fe-0,=4:l. 

The principal results etfectod by the alteration will be readily seen from 
these two tables. The altered rock.s consist chiefly of sericite, p3-rite, and quartz, 
with a little serpentine. Kaolin occurs only in No. II, which is the only speci- 
men taken immediately adjacent to an import^mt seam or vein; calcitc is entirel}' 
absent from all of the specimens. The sili«i has not been materialh' changed, 
except in No. II, where it is lowered corresponding to the high percentage of 
kaolin. Alumina seems genemlly constant, but has been increased in No. II; 
this increase is, however, probably only apparent and due to conv(»rsion of sericite 
to kaolin, with attendant setting free of some chalcedonic or opaline silica. TiOj, 
ZrOg, and P2O5 remain constant. Mg() has likewise suffered no change. On the 
other hand, practically all CaO and Na.,0 has been carried away and a substantial 
addition of FeSg and K.^0 has been made. As a nearly constant proportion was 
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found between the various constituents of the sericite in Analyses II-V, the 
average composition could l>e calculated as follows: 

Average analysis of sericite from Morenci mines. 



Per cent. 



Molecular 
proportions. 



SiO, . 
AUO3 

FeA 
FeO . 

K,0. 

Na,() 

up. 



46.70 


6.55 


:^.50 


2.95 


1.12 


.06 


.17 


.02 


11.55 1 


1.00 


.36 

1 


.05 


5.00 


2.35 



100.00 



MokKHilar weipht, 847. 

The whole course of the alteration indicates watei's distinctly delScient in 
alkaline carF>onates, but probably rich in iron and silica; this conclusion is impor- 
tant, as it tends to connect the alteration genetically with the porphyry. (See 
under Genesis, p. 220.) These veins are, according to the character of alteration, 
related to those of Freiberg, Saxony, and Silver City and De Lamar, Idaho. 
They are very different from the normal gold-quartz veins of California, which 
were formed by waters very rich in alkaline carbonates and probably also in lime. 

ALTl^RATION IN GRANITE AND QUARTZITE. 

The granite, which is very generally somewhat altered for a considerable 
width all along the eastern contact of the porphyry stock, is best exposed in 
Chase Creek Canyon between Longfellow incline and Metcalf. The alteration 
chiefly consists in sericitization of the orthoclase and tiie introduction of veinlets 
of quartz with pyrite. This altered area, which contains many prospects, but no 
important mines, finds a superficial expression in red fantastically weathered out- 
crops due to oxidation of pyrite. Similar alteration is noted to a smaller extent 
along the numerous fissure veins following porphyry dikes, which are so com- 
mon on Copper King Mountain. At the foot of the Longfellow incline the 
quartzit(» is minemlized, containing several per cent of pyrite and about half a 
per cent of copper, ('ubes of pyrite develop lK)th in the cement and in the 
quartz grains. The cemi^nting material is already largely converted into sericite, 
so theie is scant room for further change in this direction. At the East Yankie 
mine, near Morenci, this cupriferous pyritic <|uartzite has been further enriched 
by the introduction of chalcocite, rendering it a valuable concentrating ore. 
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All of these changes, excepting the last-mentioned one, are probably due to 
the same waters which so radically altered the poi'ph3'^ry of Morenci and Metcalf. 

ALTERATION OF LIMESTONE AND SHALE. 

It is not to be supposed that this widespread hydrothermal alteration which 
aflfected porphyry, granite, and quartzite would be without effect on the limestone 
and shale, which, more or less contact-metamorphosed, adjoin the altered area 
of porphyry, and which also are traversed by fissure veins. Aside from the 
larger lodes at Morenci, such as the Joy, Montezuma, Arizona, Central, and 
Williams, the sedimentary rocks contain in places an abundance of seams con- 
taining, l>esides quartz and a little calcite, amounts of pyrite, magnetite, chalco- 
P3^rite, and zinc blende. At Metcalf exactly the same conditions prevail, some of 
the seams containing in addition a little epidote. Wherever these veins and 
seams cut through shale no marked alteration can be observed along them, 
whether the shale be moderately or wholly changed by contact-metamorphic 
processes. 

But in limestone a different condition of affairs prevails. For a certain dis- 
tance from the vein, ordinarily not more than a few inches or a few feet, the 
limestone is bleached and heavily impregnated with pyrite. A tj'pical example is 
shown on PI. X, B^ representing a dolomitic limestone from the Black Hawk 
No. 8 tunnel of the Shannon mine. The rock is gra^'ish green and partly altered, 
containing besides much tine-grained calcite aggregates of colorless pyroxene and 
amphibole. This is cut by veinlets of coarse calcite, containing intergrown 
anhedrons of pyrite and magnetite, with a little chalcopyrit^. Adjoining these 
veinlets and extending about half of their width are altered bands in which the 
limestone has been completely converted to prisms of colorless amphibole, proba- 
bly tremolite. One or two of the same prisms are also contained in the veinlct 
itself, which apparently is produced by tilling. Thus the metasomatic change 
exerted by the waters flowing through this fissure consists in the conversion of 
dolomitic limestone to tremolite. 

At Morenci many similar instances were observed and proved. On the fourth 
level of the Joy mine the vein consist^ of a well-defined steep hanging wall, 
adjoined by a sheeted and bleached zone, some 10 feet wide, heavily inipregnated 
with pyrit^. A crosscut runs out in the foot wall for lOU feet to the deep Joy 
shaft (fig. 11). The first part of this, next the vein, consists of partly altered 
lime shale; then follows about 25 feet of hard, solid ei)idote rcK'k, which again 
is adjoined by the same greenish limestone; finally at the shaft another mass of 
solid epidote makes its appearance along the wall of the Joy porj^hyry dike. 
The contjicts of limestone and epidote are remarkably sharj). The limestone 
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has set in, a.s clearly indicated by SO,; lK)th phosphates and h^-drouH sulphates 
are probably present. 

A comparison l>etween the two analyses shows that the altered rock adjoining 
the veUi has received a substantial addition of silica and magnesia, together with 
sulphides of iron and copper; also that it has suffered a considerable loss of lime. 
It seems entirely improbable that the proportion of CaO to MgO of the limestone 
could have changed gre^tl}' within the interval of 8 inches which separated the 
sjxjcimens. Consistent with the great mineralogical change a very great loss of 
COj is noted. An increase of combined water is indicated, but this is accounted 
for by the presence of a certain amount of oxidized salts of iron and copper. 

Alkalies are present in both specimens in ver}' small amounts, and the absence 
of any concentration of K,0 in No. 264 is in contrast to the great aiH^umulation of 
this substance in the alteretl porphyries. The percentage of titanium remains 
practically constant, as is usual in altered wall rocks. 

The roi'k No. I is alread}^ somewhat metamorphosed an4 hydrated, as shown by 
the large amount of chlorite contained. Probably this chlorite is formed from 
tremolite, and this, as well as the magnetite and sulphides, ma}^ be due to the 
same vein-forming influences which have caused such a profound change in No. II. 
At any rate, it is certain that the metasomatic change along this vein cx)nsists in 
the abundant development of tremolite from a somewhat magnesian limestone. 
It may be of interest to follow the chemical changes involved in this, taking for 
greater simplicity a hypothetical case of a dolomitic limestone composed of 76 
per cent CaCOj and 25 per cent MgCO,. 

For the calculation we may first tentatively assume constant magnesia — that 
is, assume that the unit weight of limestone has not received any addition or loss 
of this oxide. Supposing an original limestone of the composition shown under 
A, which alters to a tremolite of the composition B, we need, to obtain tremolite 
from the unit weight of this limestone, the quantities shown under C. 

Changes involved in trmutfonnation of dolomitic limetdom Ut tremolite. 



' 


A. 


B. 


C. 

i 

24.0 

5.4 

12.0 


SiO, 


58 
13 
29 


' CaO 


42 
12 
46 


MkO 


CO., 


1 
1 


100 






UX) 


41.4 



This involves a gain of 24 parts SiO^ and a loss of 86. H parts CaO, as well 
as of 4<) parts CO^; or, in other words, a total loss of 58.6 parts, or over 50 per 



ALTERATION OF LIMESTONE AND SHALE. 175 

cent. The loss in volume is even greater. If additions of magnetite and 
sulphides have taken place the losses will be somewhat smaller, and an original 
per cent of silica w^ill also reduce the last figure to some extent. Such a loss of 
volume seems, however, improbable, and we are driven to the assumption of an 
access of MgO. Should this access amount to 17 parts MgO the gains of SiOj and 
MgO would exactly balance the loss of COj and CaO and there would be onl}^ a 
slight reduction of volume. 

In the Montezuma mine, along the great. pyritic lode, similar alteration has 
taken place. Specimens of fresh and alt^^red limestone at a smaller vein in the 
foot wall of the large one showed similar relations to those descril)ed from the 
Joy mine. These smaller veins were selected for tests because it was possible to 
obtain fresh and altered rocks closely together. The original rock is a tine- 
grained dark -gray limestone containing small grains of magnetite, pyrite, chalco- 
P3"rite, and zinc blende, while the altered rock looks dull, earthy, and greenish 
gray. It contains aggregates of ragged and imperfectly developed pyroxene 
(diopside) with some magnetite. Between the pyroxene gmins lies tibrous seq^en- 
tine or chlorite. If the mineml is diopside it would of course have a com 
position similar to tremolite. In places, however, the alteration of limestone and 
lime shale takes a different course and results in sericite. The big pyrite stopes 
of the Joy mine, sometimes 30 or 40 feet wide, are adjoined by a whitish, soft 
rock which surely is an altered sediment, although the rock from which it was 
derived can not be positively identified. The altered product consists of felted 
sericite, with small, scattered, and in part intergrown aggregates of pyrite, 
magnetite, and zinc blende. 

More definite results were obtained froqi the examination of the pyrite vein 
on the first level of the Montezuma, some 30 feet below the rich chalcocite zone 
encountered on the water-shaft level. The massive pyrite vein is here very 
distinct, 2 to 4 feet wide, with a well-defined foot wall. A couple of feet away, 
in the foot wall, the rock is a dense gray limestone, with veinlets and specks of 
magnetite, pyrite, and zinc blende. The latter are associated with fine fibrous 
aggregates of serpentine or chlorite. The rock effervesces freel}' with cold acids, 
and contains only a small amount of silica, alumina, and other impurities. Near 
the vein the rock (372 CI. A) changes to greenish-gray color, and proves to 
consist chiefly of sericite of greenish color, grains of the above sulphides (pyrite 
being frequently coated with magnetite), and a certain amount of serpentinoid 
substance. 

Immediately at the vein the rock (373 CI. A) is whitish-gray, soft, with 
much pyrite, and consists chiefly of the same greenish sericite and granular quartz. 
No. 372 contained nuich silica, considerable alumina and magnesia, also pyrite. 
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and very little lime. A determination of alkalies ^ve K,0, 3.03 per cent; Na,0, 
0.25 per cent; titanium, about 1 per cent. No. 373 contained the same bases as 
No. 372; alkalies: K^O, 3.1)5 j)er cent; Na,0, 0.16 per cent. (Analyses by 
Dr. W. F .Hillebrand.) 

RELATION OF CONTACT AND HYDROTHERMAL METAMORPHISM. 

The alteration of limestone along fissure veins to tremolite or diopside with 
magnetite and sulphides is, as far as I am aware, a process which has not been 
de8cril>ed previously. Ordinarily, limestone alters next to fissure veins to dolo- 
mite or quartz or jasperoids.'' The access of silica and iron and the mineralogical 
result of the process here discussed undoubtedly connects it in some way with 
contact metamorphism, and it is also probable that this kind of transformation 
took place at high tem|x>rature comparatively soon after the solidification of the 
porphyry. 

At first glance it might seem plausible to assign all the changes which have 
taken place in the metamorphic zone to the same hydrothermal alteration which 
has affected the porphyr}' along the fissure veins. This view, however tempting, 
is surely incorrect. Inste^id of one set of phenomena, we have two related and, 
in part, superimposed processes. Among the proofs of this are the absence of 
sericitization in the porphyry of many dikes which have exerted strong contact 
metamorphism, and, further, the entire independence which the masses of 
extremely altered garnet-magnetite rock show in regard to the fissure veins, and 
their distinct dependence on contact of dikes and main stock. The vein altera- 
tion produces dull earthy rocks from the limestone, while contact metamorphism 
results in hard, compact, granular rocks. On the other hand, there is undoubt- 
edly a certain relation between the two processes, for amphibole and pyroxene 
occur in the true contact-metamor|)hic rocks, and the intergrowth of magnetite 
and pyrite is characteristic of Jx)th. I should, therefore, conclude that after the 
completion of the contact metamorphism, properly speaking, and after the con- 
solidation of the porphyry, an extensive fissuring took place, and solutions 
derived from the cooling porphyry, probably ascending and laterally extending 
from this rock, flowed through these fissures. Everything indicates that these 
solutions were closely related to those which emanated from the magma at the 
moment of intrusion, and, in fact, were similar in general composition. 

As to the (|uantitative relation of contact metamorphism and hydrothermal 
metamorphism it is difiicult to speak with absolute certainty. In some parts of 
the contact-metHnH)ri)hic rocks small seams with sulphides and magnetite are very 
abundant (for instance, in the Yavapai mine), and it is not easy to say how much 

"LindKren. W.. Metasoniatic processcH in flsHuro veiiiM: Tniiis. Am. Inst. Min. Eng., vol. 30, p. 67R. 
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of this should be credited to each form of alteration, for the sedimentary rocks 
were evidently solid during the intrusion, and seams tilled with sulphides may well 
have formed in them. (lenerally speaking, they would be, and in fact are at 
present, much less permeable to solutions than the porjjhyry, as shown by the slight 
depth which oxidation has attained in them, and it is believed that the hydrothermal 
solutions were chiefly confined to cmcks and fissures, in contradistinction to the much 
more searching action of gaseous water. The facts above given show, indeed, 
how slight is the lateral spread of alteration from the veins. That the solutions 
producing the contact metamorphism effected such intense results is probably due 
to a far greater degree of heat and gas pressure existing. 

PROCESSES DUE TO OXIDATIOX AND HYDRATION IN THE CONTACT- 

METAMORPIIIC ZONES AND IN THE VEINS. 

GENERAL STATEMENT. 

Under the above heading are included the changes due to oxidation at the 
immediate surface, or weathering, by which the rock is broken down and loses 
its identity; and also various changes and interchanges of minerals usually accom- 
panied by hydration and sometimes effected at considerable depths below the sur- 
face, but in all cases primarily due to surface w^aters and to the oxj'gen which 
they contain. To a large extent, these processes come under the division of 
common hydrometamorphism, but the many peculiar reactions taking place in 
the mineralized zone renders it advisable to discuss this area separately. Outside 
of this area, where special conditions of abundant sulphides and many minerals 
rich in iron prevail, weathering plays an unimportant part. Owing to climatic 
conditions, erosion and disint<*gration proceed far more rapidly than does the 
chemical decomposition of the minerals. 

The ultimate tendency of surface weathering, then, is to destroy the rock 
and to produce a few extremely resistant minerals which will ultimately form part 
of the soil. Among these, limonite, kaolin, and quartz are the most prominent, 
while the lime, magnesia, and alkalies are largely carried away as carbonates 
bv surface waters. 

PROCESSES IN DETAIL. 
MINERALS. 

Garnet, —The brown or yellow lime-iron garnet of the districts becomes 
uniformly converted into cellular masses of limonite and hematite, together with 
quartz, the latter sometimes crystallized, lender the microscope the decomposition 
is seen to proceed from a network of little fissures. The quartz is in places very 

16859— No. 43— On 12 
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fine grained, almost eryptocrystalline, but is apt to suddenly change to more coarsely 
crystalline aggregates. The lime must he carried away as carbonate; secondary 
caleite crystals are sometimes seen surmounting the decomposing garnet. The 
process is confined to a shallow zone at most 100 feet l)elow the surface, although 
in ore bodies or along fissures where oxidation has been energetic it may take 
place at nmch greater depth, probably down to 400 feet. Seams of black oxides 
of manganese occur frequently. 

EpidoU. — Epidote crumbles near the surface to yellow or brown soft masses 
which contain much H,0 and FcjOs, together with a little Al, ()a, Mg, and Cu, 
probabh" a mixture of ill-defined hydrous silicates. When not directly exposed 
to oxidation, it is verv resistant. 

Pyr(Kt4rn4i {diopside) and atnphihale (fremoliie), — The colorless diopside and 
tremolite so common in the altered limestones also resist direct oxidation very 
strongly, but are very susceptible to hydration below the surface. Abundant 
pale-green chlorite is developed from both minerals; this takes place at depths 
of several hundred feet l)elow the surface, especially near fissures. The chlorite 
occupies spaces between the prisms, has normal optical characters, and probably 
corresponds approximately to the composition 5MgO,Al,05,3Si08,4HjO. The 
process involves loss of Ca, as carbonate, while the small amount of alumina in 
the rocks is probably sufiicient for the development of chlorite. Occasionally, as 
in the second ore body of the Detroit mine, tremolite takes up much water, 17 
per cent in one case, and becomes converted to asbestos-like minerals. Another 
phase of alteration of tremolite and diopside is that resulting in serpentine, 
frequently occurring together with chlorite, as, for instance, in the case shown 
by the analysis on page 178. This serpentine is sometimes found infiltrating 
the less-altered limestones near rocks with much p3''roxene, as yellowish-green, 
translucent veinlets, replacing the carbonate. 

Chlorite. — Chlorite changes to limonite and quartz under strong oxidizing 
conditions. Below the surface hydrated ferric silicates seem to form from it in 
some places (see " Morencite,"" p. 115), with loss of part of the magnesia. Under 
influence of vein-forming solutions in the altered porphyry chlorite alters to 
serpentine. 

Srricite. — Sericite is decomposed with great difliculty, and is abundantly 
present at the very surface. A small part of it seems to alter to kaolin, but 
probably only under the influence of solutions containing free sulphuric acid. 
In mre instances it seems to have been wholly dissolved, as above the cuprite 
zone in the Montezuma mine in porphyr}-. 

Magitetlte. — This mineral oxidizes at the surface to hematite, which is usually 
loose and cellular, and black from accompanying pt^roxide of manganese. Limon- 
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ite is the final product. Nejir fissures and in ore bodies in altered limestone 
the oxidation of magnetite may proceed to a depth of 200 feet or more. 

Apatite, — Under the influence of vein-forming solutions apatit<> is not in 
general attacked, which seems peculiar, as it certainly is acted on by carbonated 
surface waters. This finds expression in the sparing occurremte of copper phos- 
phates in the oxidized ores at several places in the district. Except in one case, 
it was impossible to determine specifically the mineral formed. 

Pyrite. — The oxidation of pyrite is a subject which has been extensively 
discussed by many writers on chemical geology, but, as remarked by Mr. Ran- 
some,^ it is still in need of treatment from the experimental standpoint.* At 
the surface pyrite in general oxidizes according to the formula: 

FeS«+70+H,O=: FeSO,+H,SO,. 

This reaction involves several intermediate stages in which S, HjS, and SO, may 
be formed. The ferrous sulphate upon further oxidation yields ferric sulphate, 
and the latter is easily decomposed to various basic sulphates and ferric hydrates 
and free acid. The sulphuric acid is ready to oxidize remaining pyrite, if cuprif- 
erous (see p. 183), while the ferric sulphate also attac*ks pyrite and other sulphides, 
changing them to sulphates, being itself reduced to ferrous sulphate. A cycle 
of reactions will thus be initiated which will continue until all of the sulphides 
exposed to oxidation have been transformed into various oxysalts and most of the 
iron has changed to limonite. Pseudomorphs of limonite after pyrite have been 
noted under the microscope in decomposed porphyries from Coronado and Metcalf, 
and some of these carry a kernel of chrysocolla. 

Such 'Sron caps" as are seen at the outcrops of veins in regions where oxi- 
dation proceeds undisturbed by erosion are generally absent in this district. The 
veins are rather marked by siliceous outcrops containing a small amount of oxi- 
dized copper ore and little limonite; some of them are entirely barren. The ore 
bodies in limestone contain, it is true, much limonite, but that is rather due t6 
reactions l>etween sulphate and carlK)nate than to direct oxidation. No basic ferric 
sulphates have been found on the surface or in the mine workings. It is therefore 
concluded that the waters which percolated through the deposits very soon lost 

a Prof. Paper U. S. Geol. Survey No. 21. 1904. p. 155. 
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tlwir oxyj(i*n hikI that of tho prodiu-ts re.sulting from the (1ei*ompo!sition of the 
pyrit«» only ffTrou> sulphate and dilut<* sulphurir acid are of importance for the 
changes which have taken pla<-e ^>elow the croppings. 

Chnhopyrit*:. — Direct oxidation of chalcopyrite yields <'upric and ferrous sul- 
phates as follow^: 

( uFeS, - 80 ^- (;uS( ), -r FeSO.. 

The FeSD^ i-* -uhject to the aln-ady distuLs.sed alterations. Granular chalcopyrite 
from the alterwl limestone of the Arizona Central mine, for instance, changes to 
limonit^. a.-^ i-* w**!! shown in >|KM'imens. 

Z'tn* hl^-nth, —lender oxidizing conditions this mineral yields zinc sulphate 
verv ea-ilv. 

OKDKK OF OXIDATION. 

The general order of attack b}" oxygen is said to be as follows:^ Arseno- 
pyrite. pyrite, chalcopyrite, blende, galena, and chalcocite, the last being the most 
re-i.stant. 

Van Hise'^ says that the sulphides of iron, copper, zinc, lead, and silver will 
Ur oxidizf^l in the order given. How far this may be relied upon is doubtful; 
it is proliably true for only one set of conditions as to mass^ aggregate, and 
ctiara^rter of solutions, and varies also in the different sulphur compounds of each 
metal. In the Clifton district, for instance, chalcocite is often entirely oxidized, 
while much pyrite remains. 

SULPHATE WATERS. 

-Thf^^^Bters descending from the surface of the ground into the lodes, as well 
as int^> the pyritized and sericitized porphyry and the altered limestone, should 
(*ontain, as essential constituents, ferrous, cupric, and zinc sulphates, together 
with some free sulphuric acid. Any oxygen they might contain -would almost 
at once l)e absorl>ed by the ferrous sulphate. Even if free sulphuric acid were 
la<*king, an acid reaction would soon obtain by electrolysis. To the acid solution 
of iron, copi)er, and zinc nmst be due most of the important changes which have 
transfornied the low-grade lodes and the disseminated copper ores in the limestone 
into commercially important ore bodies. All three sulphates, especially those of 
copper and zinc, are found as efflorescences in the mine workings. J 

The relative stability of the sulphates appears to be as follows: Ferrous sul- 
phate, cupric sulphate, zinc sulphate, and lead sulphate, the last being the most 
stable. The first three are verv easilv soluble in water — in fact, more so than 
most other substances — and this great mobility explains many of the remarkable 

a Weed, W. H., Trans. Am. Iiwt. Min. Eiik.. vol. 30. p. 4J9. ^Tran.s. Am. Inst. Min. Eng.. vol. 80, p. 101. 
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transformations effected. As I have found erroneous statements on this subject 
in some of the litej*iiture on ore deposits, the following tigures are given. They 
are mostlv from Comcvs's Dictionarv of Solubilities: 

Tahle of part4i of different nalU dmolml hij 100 parts of ivater at different temperaturen centigrade. 



0° 10°. 15°. 2(F. ' nOP. K)o. 100°. 



C^ 



Na^SO^-^lOHjO 5.00 i"480.(K) 

CaS0,-2H,0 .205 I , .2174 

MgSO, • 7H/) ' 73.00 i IIH.(X) ' 

FeSCVi 7H,0 , 45.50 j 33:i.00 

CuSO^--5H20 '>23.47 87.00 1 42.33 | 65.83 ' 203.32 

ZnS04+7II./) 115.00 ' 138.00 , 161.00 442.00 654.00 

A1,(S04)4-18H,() 86 85 i ' ' 1,132.00 

. _j_ _ I . ' _ . ■ _J 

n At 31.250, /' 31.« ( Frein> ) . 

Recent investigations by Etard" have shown that nearly all of the h3'drous 
sulphates have a maximum of solubility at a certain tempemture beyond which 
the solubility decreases, sometimes very rapidly. This is due to the decomposi- 
tion of certttin of the hydrated splits at given temperatures and is especially marked 
in the case of ferrous sulphate, which becomes pmctically insoluble at + 155^ C. 
Potassium sulphate is an exception, increasing steadily in solubility. 

The turning point of the solubility curves lies at 34^ C. for NajSO^+lO 
HgO, at 80- for FeSO,+ 7H.O and ZnSO,+ 7HA and at 130- for CuS0,+ 5H,0. 
The tempemture obtaining in the oxidized zone of these deposits probably 
nowhere exceeded 100^ and ranged from that figure down to the average tem- 
perature prevailing in the region; that is, to somewhere about + 15*^ C. 

I Mr. Winchell stiites that the mine waters of Butte contain considerable 
amounts of cuprous salts, presumabh' cuprous sulphatcr The mcttrod by which 
this result was obtained is not given. This would seem desimble, as it is "Said 
to be very difficult to detect cuprous salts in a mixed solution. While not deny- 
ing the possibility of their existence in intermediate reactions, I do not l>eliev«^ 
-f - 1 A»^t h^'^^^t' they formed an important part of the mine waters in the Clifton-Morenci 

district. At the present time, while moisture percolates, as shown by efflores- 
cences and stiilactites of sulphate, no waters can be obtained in sufficient quan- 
tities for examination. The sulphate solutions act somew^hat differently in the 
porphyry and in the limestone-shale series. In the former, more porous, rock 
they spread easily and percolate downw^ard, while the altered shale and limestone 
offer considerable resistance.] 

aOstwuld. Allgemeine Chemie. pt. 1. p. 105l». frBuU. Geol. S<h'. Aid., vol. 14. p. 269. 
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PROCESSES IN FISSURE VEINS IN PORPHYRY AND LIMESTONE. 

Th*r nui^t irijfKirtant of these consists in the formation of chalcocite by the 
a/'tion of cupric -sulphate on pyrite and zinc blende. That certain salt:? will be 
der-rmifK/^r^l by metallic -ulphides and precipitated a-? .>ulphides ha^^ long been 
known. Th f* tract ion?* e?«tablished b^' S<*huenmuixi."»jftbow']nie following series in 
the order of their affinity for sulphur: Mercury, silver, copper, bismuth, cadmium, 
antimony, tin. I<^d. zirfc. nirkel. cobalt, iron, arsenic, thallium, and manganese. 
A "^It of any metal in the series would lie decomposed by the sulphide of any 
.<*utf'ci*r'dirig metal and the first metal precipitated a.s sulphide. If secondary depo- 
sition of sulphid<fs by reaction of pyritic ores on descending waters has taken 
pla^-e in an ore deposit containing silver, copper, lead, and zinc, these sulphides 
would lie arrarig**d a<'Conling to this rule in zones in the following order: Argen- 
tite. r-halccH'ite. iHirnite. rhalcopyrite, galena, zinc blende, pyrite at bottom. 

In the Ifxles at Morenci, where practically only copper, zinc, and iron are 
present, the lower limit of the chalcocite zone seems to lie about 400 feet below 
the surfa<-e, though it varies considerably in different parts of the camp. 
I^'low this depth the veins consist of massive pyrite with which is intimately 
inU*rgrown equally massive zinc blende and chalcopyrite, the latter in small 
amounts. The gangue consists of v(»ry little quartz. The minerals in the chalcocite 
zi>ne consist almost exclusively of pyrite and chalcocite. Above the chalcocite 
zone the lodes are usually leached and almost barren, continuing thus to the 
surface. 



.'. .{ . 
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CHALC'OCTITIZATION OF THE ZIXC BLENDE. 



The blende of the bottom zone exposed in the fii'st, second, and third levels 
of the Kyerson mine is doubtless a primary mineral deposited contemporaneously 
with the pyrite; the maimer of intergrowth in solid masses precludes any other 
supposition. In th(^ chalcocite zone and in the barren surface zone zinc minerals 
H(»em to be almost eiitirelv absent. The manner in which zinc blende is attacked 
and copp^'r suli)hide (leiK>sito(l is well seen in specimens from the first level of 
the Kyerson, some IM) feet 1k»Iow the l)Ottom of the principal chalcocite zone, 
along the Humboldt vein, 4oo feet below the surface. The well-defined vein of 
solid i)yrite with admixed zinc blende varies from 1 to 6 feet in thickness and 
is not altered as a whole. Along the foot wall, however, is a seam of kaolin 
showing a slight green copper st^iin. Within one-half inch of this seam the 
tine-grain(»d, almost black, zinc blende, which is intergrown with some pyrite, 
becomes dull and sooty and shows the presence of some covellite, a mineral of 
v(^ry rare occurr(»nc(^ at Morenci. Under the microscope the rock exhibits much 

a Li<'t)iK'« Ann. (1. CIkmii., vol. 21V). 1KM8. pp. a2(>-3ri0. EmmonH. H. F., Tram). Am. Inst. Min. Eng., vol. 30, p. 212. Weed, 
W H., Trann. Am. In^t. Mln. EnK- vol. 30, p. 4'2». 
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shattering, and the zinc blende is seen to be surrounded by dark borders, not 
however, so clearh^ defined as in the case of the chalcocitization of pyrite. 
Chemical examination showed the presence of abundant copper in the altered part. 
The pyrite apparently does not precipitate Cu^S or CuS while zinc blende is 
present. Associated with the blende are grains of chalcopyrite, whether secondary 
or not could not be definitely ascertained. The kaolin, or a related mineral, 
and aggregates of chalcedony till the branching veinlets in the rock. The zinc 
blende is thus attacked and converted into covellite and probably also chalcocite 
with simultaneous deposition of kaolin and chalcedony. No sericite forms. As 
covellite is unknown higher up in the main chalcocite zone, it follows that it must 
soon be reduced to chalcocite. The principal reaction is doubtless expressed by: 

ZnS+CuSO,=ZnSO,+CuS. 

Thus zinc blende is here clearly the tirst mineral to cause sulphide deposition 
from solutions of cupric sulphate, which agrees with its relative position in 
Schuermann's series. 

The zinc sulphate, being very easily soluble, is carried away. No efflorescences 
of zinc sulphate were found in the chalcocite zone of the veins in porphyrj', 
though it occurs commonly enough in the oxidized zone of contact metamorphic 
sediments. If, as probable, the attacking waters, besides sulphates, contained free 
sulphuric acid, the decomposition of the blende would probably be facilitated. '' 

/No secondary zinc blende has .been found in anv part of the mines, while, 
according to S Ghuorm a n ttV- roo^ti ons, zinc should be precipitated as sulphide by 

pyrite. \ Sftcondnry j^in£_ b1<^n^<^^ [ ibl^F f H-gpprrrrffng' to this reactiOTr, has, 

^ howev e r, boon r e por t ed front varioHs mining districts.^ 

CHALCOCITIZATION OF THE PYKITE. 

According to Dr. H. N. Stokes,* dilute H^SO^ will not act upon pure pyrite. 
Reaction takes place, however, when the pyrite is cupriferous and likewise when 
HjSO^ is allowed to act on chalcopyrite. Doctor Stokes *" has also shown that a 
neutral solution of cupric sulphate will act on pyrite at 100^ and 18U~^ as follows: 

5FeS,+14CuSO,+r2H,0=7Cu,S+5FeSO,+l)H,SO,+8H,SO,. 

The last IlgSO^ is formed by the oxidation of the sulphur of FeSj. The 
formation of H^SO^ was proved by quantitative analysis. The reaction is not 
as simple as thus expressed, for some CuS is formed, less at lOO"^ tlian at 180". 
Cuprous sulphate also plays a part in the reaction as an interm(*diate product, 

a Weed. W. H., Bull. (Jeol. S«»c. Am., vol. 11. pp. 193, 20n. 

ft Op. cit.. p. 187. 

c Unpublished manuscript. 
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cuprite in the veins. Similar ore was extracted in 1902 from the Montezuma 
vein, Waters Shaft level, where for some distance at the upper part of the chal- 
cocite zone this mineral and cuprite occurred together. Seams several inches 
wide of dull sooty chalcocite contiiin dark-blue spots of covellite, as required 
by the formulas given above, and are traversed by later seams of cuprite. 

The same intimate intergrowth of cuprite and native copper is frequently 
observed in Williams vein, Arizona Central mine. Sheets of copper are found 
on seams, incrusted with cuprite. There are also veins, several inches thick, 
of native copper which have that fibrous structure perpendicularly to the plane 
of the vein sometimes noted in chalcocite from this district, and which certainly 
represent direct pseudomorphs after chalcocite. This occurs from 250 to 280 feet 
below the surface. The chemical explanation of this replacement is not quite 
clear. The indirect way indicated above would hardly form massive pseudo- 
morphs. Another possible way is by ferric sulphate, if this could have main- 
tained its existence down to the required depth, thus: 

Cu,S + SFe^CSO,), + 4H,0 = 2Cu + OFeSO, + 4H,SO,. 

Kansome^ suggests, quoting Brauns, that ferrous sulphate may act as a 
reducing agent and precipitate cuprous oxide from cupric salts. This seems 
hardly probable, for cupric sulphate and ferrous sulphate appear to mix in all 
proportions without reaction. Stokes's* reaction of FeSO^ and CuSO^ forming 
hematite and native copper at 200^ is very interestmg, but probably has no 
appi^^atioii in thej^resent offse. .• .^ 

/ |iTne' zone^ of cuprite a*id metallic copper has^ rarely great vertical extension. 
(Both minerals are rapidly converted into cupric sulphate, brochantite, with sub- 
ordinate malachite and azurite, by sulphuric acid and curbon dioxide; but these 
products again are soon dissolved by free sulphuric acid forming from pyrite, 
some of which mineral tenaciously remains until the very last, and the copper 
salts descend to help enrich the cuprite zone. Thus the uppermost 100 to 200 
feet of the veins are usually barren. This ai)plies to the Montezuma and Joy 
veins, and in a lesser degree to the Arizona Central mine, where the oxysalts of 
copper reached the surface in places. At the Metcalf mines the zone of oxidized 
ore reaches to within 80 feet of the surface, where the ore becomes too poor to 
mine and where limonite, absent below, begins to be deposited on seams. The 
most important copper minerals in the oxidized z(me of the veins in porphyry 
are brochantite and chr^socolla, although wherever carbonate solutions were 
obtainable malachite and azurite also occur. Some very tine specimens from the 
Metcalf mines some 60 feet below the surftu'e and about 100 feet above the 
chalcocite zone offer excellent illustrations of these processes. The white serici- 

aProf. Paper U. S. Geol. Sun'ey No. 21, 1904, p. 157. 6 Unpublished manuscript. 
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tized porphyry (;ontain.s replacement veins and irregular lx>dies of cuprite, 
mostly massive and containing streaks of native copper. (Ireen, partly crystal- 
lized or mammillary crusts of green minemis <'over the cuprite. The earliest of 
these are intimately intergrown, bluish-green chr\'socolla, hrochantite, and mala- 
chite, the former two prevailing. Azurite is usually the last mineral formed, 
sitting in well-detined crystals in cavities of the hrochantite and chrysocolla. 
Flakes of spangolite on the chrysocolla testify to the presence of acid solu- 
tions c^apable of dissolving alumina. A dark-yellowish-brown mineral, either 
limonite or a ferric silicate, is also present in small (luantities. 

Other s|>ecimens from the oi>en cuts on the tirst level show vcinlets of mal- 
achite, in part certainly replacing sericite, and associated with a gangue of tine- 
grained ({uartz and limonite. At other places in the Metcalf mines malachite 
and hrochantite occur as tilled veinlets and the latter is frequently found as 
well-developed minute crystals. Specimens from the Copper Queen mine show 
chrysocolla concentrically deposited on loose pieces of porphyry and surmounted 
bv tine crvstals of azurite. 

It is not necessar}' that this complete cycle of transformations should be fol- 
lowed, for hrochantite and malachite direct from chalcocite has often been observed. 
Brochantite (II,Cu^SOjo) pro})ably forms as follows: 

2CujS+10()+4HsO=H.Cu,SO,„+H,SO,. 

Chalcocite is not atta<'ked by either strong or dilute HjSO|, while hydrochloric 
acid decomposes it with development of H,S. In a specimen from the Montezuma 
mine the. chalcocite appears as if shattered, and on all seams brochantite develops 
by replacement. Farther away from the sulphide the brochantite partly changes 
to malachite (PL XII, C-). Direct transformation to malachite has also been 
observed at a prospect near Metcalf. ) • » ^ • 

The connnon occurrence of brochantite, the basic sulphate of copper, has been 
emphasized in the chapter on mineralogy. It^ ''halntat'' is chiefly in the porphyry 
and not far l^elow the surface. It is probably a ver\' common mineral, though 
usuall}' taken for malachite. It is very ea*^ily reproduced in different ways.*/ 
C-hrysocolla forms in most cases from cuprite, but Roth* says also that it 
by interchange })etween cupric silicate and alkaline silicates. It is somewhat 
soluble in water, containing CO^, and is easily decomiX)sed by acids. 

The aV)sence of these oxy salts from the immediate surfai-e zone of most of the 
veins seems to indicate that they hav^e })een dissolved by waters containing H,S04 
and COj. The solutions were carried down to deposit still more copper in the 
upper and always richest part of the chah'ocite zone. 

"Bruuns, R.,(.-hemiHcho Mineralof^e, 1K96, p. 2(3U. f^AIIg. (veul., pt. 1. p. 268. 
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{ With some exceptions the croppings of the Copper Mountain veins contained 
in porphyry are ahiiost absohitely barren of copper minerals. Where the out<*rops 
can be accurately placed, which is not often the case, they merely consist of 
sericitized porphyry cemented by veinlets of quartz. The pyrite, copper salts, and 
limonite have been carried away, as illustrated by Analysis V on page 1()8. The 
top of the chalcocite zone is 100 to 200 feet below the surface. As usual, the 
upper half of the zone is much the richer. At its upper limit the porphj^ry 
containing chalcocite and pyrite })ecomes brown and rusty. The chalcocite disap- 
pears rapidly, but some cupric sulphate is universally present as efflorescences and 
seams in the rock. Limonite is fairly abundant in seams and throughout the rock. 
Some pyrite remains to the last and disappears wholly onU' a very short distance 
below the surface. Mala<'hite, chrysocoUa, and allied minerals occur only in insig- 
nificant amounts. For some reason there has been here a more energetic oxida- 
tion of the chalcocite with direct conversion to cupric sulphate, which in turn has 
descended and enriched the upper chalcocite zone. We may assume that the 
following equations represent what has taken place: 

Cu,S+03=CuSO,+CuO 
CuO+HSO, = CuSO,+H,0 

In some cases, however, bunches of chalcocite continue along the main veins close 
to the surface, and on the Fairplay claim, at Carasco, and near the LiverjKJol 
tunnel chrvsocoUa and other oxvsalts are found near the surface. 

Cupric oxide (melaconite or tenorite) has qot been found in these deposits 
either in the chalcocite or in the oxidized zone. 
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PROCESSES IN DEPOSITS IN LIMESTONE. 

The processes which have resulted in the oxidized deposits which form 
irregular or tabular masses in limestone or shale are materially different from those 
prevailing in the veins. They are partly due to direct oxidation and largel}'^ 
to the effect of sulphate solutions. Most of the ore bodies are situated near the 
surface like the Detroit, Longfellow, and Shannon deposits, or near a fault facil- 
itating the percolation of solutions. Although direct evidence is not available 
in ever}' case, it is certain that the original material in most cases consisted of 
lean chalcopyrite ores mingled with pyrite, magnetite, and zinc blende. These 
were, according to accidents of contact metamorphism, locally more concentrated 
in irregular masses or along certain strata. Free ox3'gen, free sulphuric acid, 
ferrous and cupric sulphates with an abundance of carbonate of lime were the 
reagents emplo^^ed bv nature. Oxygen and carbon dioxide alone in many cases 
doubtless produced limonite and inalachite directly from the sulphides, but the 
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r jncrr'Ant rwaiot^m* -urelr were tiKr* between c^rboittte of lime and 
<HiiCCttrr»r '•*'Hii»:i*./ri.'» p^rtiy deriv«l from points near the >urface- 

•>r 'rv^i>TV': •r^Ipbate — oal«*ite = malacbite — ciak-ie sulphate: 

?>V;-^J,-:^ aC.03-^H,0=«CuOH.,ru«CX^,h-3C^ 
f^z 'tTiprI*- -lilphate ^ fralrite — azurite — caU-ic ^phate. 

A^r»n:nsf to a weli-kn^iwn reaction, ferric hjdnite will be produced from 
ferrr.*-* "M^Iphate aod •ml«-ite. and in thi^ manner i> explained the occurrence of 
aiaid(^r.^>. azririte. ao^l IinK>nite on the^ depi:»>it>. The copper contained in the 
^/r,Tju-X rri-=:taflri«>rphic roi-k-^ will tha^ Vie enriched by precipitation of the trans- 
pr>rt>H': ' upric -ulpljate. K^uttion of volume bv the removal of gvpeum contrib- 
Gt#i?» Vp itif- eririchment. In contirmation of the correctness^ of thi> reaction cruets 
fA repb/rm^ rrriila<-hite and azurite frequently surround residual rounded masses 
of lirvr^U/ne. Tlii'» wa.*> particularly well >hown in an excavation at the surface 
w0Ar the Kyeron <»haft. Morenci. and in the Boulder tunnel. Shannon mine, 
Meti^:alf. In part, however, the proces^s i** one of crustification. as was well shown 
m tbe Vieaatiful ^tala^-titic masses of malachite and azurite formerlv found in the 
iMtroii and Man^nf*r?e Blue mines, and to some extent yet occurring in the red 
aiyi central ore iKidie^ of the Shannon mine. A specimen from the latter locality 
«fa/^ww «talactiti«' crusts of black copper-pitch ore and dull-black material with 
mnch man^ne?^: on this is deposited coarsely crystalline azurite with a little 
iuuA'uK which again Is surmounted by tine fibrous malachite: in places occurs a 
itf^cfffA generation of azurite alternating with copper-pitch ore. Other specimens 
4iow cra-^tT^ of dark-green brochantite. limonite. again surmounted by fibrous 
pale-green malachite. 

In the old irregular azurite stopes in the Copper Mountain tunnel at Morenci 
the jjartly fr^inta^-t-metamorphosed limestone is converted to a loose yellowish 
aggregate containing bunches of small azurite crystals and many small pale>green 
lialL-^ of radiallv tibrou*^ malachite. The matrix consists chieflv of a kaolin-like 
mati^rial. containing roughly 27 per cent ILO, 29 per cent SiO,. 36.5 per cent 
Al/>j. and '^.'^ i>er cent MgO. (Hillebrand. analyst.) 

The garnet and magnetite, frequently forming the gangue of these deposits^ 
likewiw- alt'.T to ferric hydrate and quartz with removal of lime. Gypsum is 
not uncommonly found as silky foils, and was especially noted from the Monte- 
zuma and Manganese Blue mines. 

iVf-^ides tUov princijnil processes there are many others of subordinate 
Un\MtrUiut'f\ (!liry*<>colla forms where silioi is abundant^ as in masses of garnet 
(Mff^lor rninej, and is usually associated with (•opj)er pitch ores and seams of 
bla/'k rnaiiganes^i. proba}>ly impure p^'rolusite. Brochantite is not c*ommon. 
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The zinc sulphide contained in the primary veins, below the chalcocite zone, 
is there converted to zinc sulphate and practicalh' eliminated from the oxidized 
zone. In the deposits in the altered limestones no such complete elimination 
takes place, for carbonate of zinc and the two silicates are occasionally found; 
much zinc also goes into copper-pitch ores, and the cap rock of partly oxidized 
magnetite and garnet at the Shannon mine contains some of it as carbonate and 
silicate. In the ore bodies proper the zinc forms a very small percentage. Efflo- 
rescences of zinc sulphate, with which are also mixed the sulphate of magnesia 
and copper, are of very common occurrence in old mine workings in shale 
and limestone. 

The final result of the oxidation and enrichment of the altered limestone 
will be limonite, quartz, malachite, and azurite, with more or less kaolin. The 
lime is almost eliminated, while silica and alumina form residual concentrations. 

Chalocite is rarely an important mineral in these deposits. Cuprite, ordinarily 
absent, occurred extensively in some parts of the Longfellow mine, under exactly 
what conditions is not known. 

OXIDIZING PROCESSES IN SHALE. 

The occurrence of cuprite in clay shale is a common phenomenon at Morenci. 
Disseminated in small flakes it is plentiful in the Hudson crosscut of the Arizona 
Central mine 150 feet below the surface, and bodies of it were extracted in 
1902 in the Manganese Blue and Montezuma mines, 100 to 150 feet below the 
surface. It also occurs disseminated with the thick shale beds underlying the 
second ore body in the Detroit mine. The two lower ore beds of the Manganese 
Blue mine, now worked out and inaccessible, also carried predominant cuprite ore. 
The occurrence in the Longfellow mine may also hav^e been partly associated 
with shale. The cuprite occurs as flakes on the bedding planes of the dark-gray 
or black shale, or disseminated through it in veinlets which to some extent are 
formed by replacement. No particular gangue mineral seems to be associated 
with the mineral, except limonite in the richer occurrences. The cuprite is partly 
altered to malachite, this being i)roved by seams of the latter mineral cutting 
across the first. These occurrences of cuprite seemed at first diflicult to explain, 
but recent interesting experiments by Doctor Kohler/' who shows that solutions of 
copper sulphate filtered through kaolin become hydroh^zed by adsorption, throw 
much light on the subject. The copper is precipitated as oxide, and sulphuric 
acid is set free. Organic matter contained in the kaolinic shales would easily 
account for further reduction to cuprous oxide and native copper, if indeed this 
be not accomplished directly by the free sulphuric acid. 

" Zeit.»«chr. i»rakt. Geol., vol. 11, p. 49. 
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Dr. E. C. Sullivan, who for some time had been working on the phenomena 
of adsorption by kaolin, kindly consented to make some experiments on the 
Morenci shale analyzed and described on page 67, with a view to ascertaining its 
action on solutions of cupric sulphate. A preliminary statement by Doctor 
Sullivan of the interesting results of this inquiry is here appended. 

''Fifty grams of shale, finely ground in agate mortar, were placed in 100 cubic 
centimeters of solution of cupric sulphate containing 0.(K>25 gram of copper per 
cubic centimeter. After standing for four days, with occasional shaking, the solu- 
tion contained but 5 per cent of that amount of copper. A solution of the same 
strength had lost all its copper after four months' contact with shale. A concen- 
tmted solution with original content of 0.7645 gram copper per cubic centimeter bad 
but 0.7058 graui copper per cubic centimeter after a few daj's' contact, 100 cubic 
centimeters of solution thus giving up nearly 0.6 gram copper (0.75 g. cupric oxide, 
CuO) to 50 grams shale. 

'•A certain amount of acid radical is also taken from the solution by the shale. 
This loss in one experiment with the dilute copper sulphate mentioned was something 
over 10 per cent of the total SO^. 

"The shale in turn gives off a part of its constituents to the solution, about 0.2 
gram having been found in 100 cubic centimeters after treatment with the dilute 
copper -sulphate solution. This is 0.4 per cent of the 50 grams shale taken. Of this 
dissolved matter, mostly present as sulphate, one-third to one-half was potassium 
oxide, most of the remainder being magnesium oxide and calcium oxide with sodium 
oxide, manganese oxide, ferric oxide, and silica in smaller quantities. 

"The acidity of the solution was not increased by removal of copper, analysis 
showing that copper precipitated in excess of that equivalent to the acid radical 
removed was replac*ed in solution hy other bases as sulphates." 

In that part of the I^ngfellow deposit contained in the East Yankie mine 
masses of very pure kaolin occur together with separated masses of cellular 
limonite. Neither contains much ore and both are probably derived from clay 
and lime shales. The kaolin contains little aggregates of cuprite with metallic 
copper and both alter to malachite, which travei-ses the rock in delicate veinlets. 
Sometimes the cuprite is surrounded by little aureoles of limonite and malachite. 

Azurite is also no stranger in the shale deposits, as shown, for instance, in 
the second ore body of the Detroit mine. The mineral has a strong tendency 
to develop metasomatically in the partly contact-metamorphosed shale, as shown by 
PI. XV, Ji, Specimens show a grayish compact shale, more or less deeply colored 
by malachite and containing fine replacement crystals of azurite. In thin section 
the shale consists of a microcry still line aggregate of sericite and tremolite, full 
of minute grains and crystals of malachite which also occurs as fibrous replace- 
ment veins, l^sides the minerals mentioned there is formed by replacement of 
the shale a dark-brown translucent and isotropic copper-pitch ore which assumes 
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round concretionary forms. Cases have been observed in the Copper Mountain 
mine in which azurite envelops grains of undceomposed pyrite accompanied by 
a little limonite. 

Another interesting occurrence is that of cuprite on magnetite, observed on 
the intermediate level of the Arizona Central mine, 200 feet below the surface. 
About 200 feet below the surface at a strong slip, not far from the great dis- 
turbance of the Apache fault, a seam of chalcocite in porphyry alters to cuprite 
near a mass of magnetite here adjoining the porphyry. Fine crystals of cuprite 
sit on open fissures of dissolution in the magnetite and are accompanied by 
limonite and fibrous crusts of some manganese ore. The magnetite probably 
plays no direct part in this reaction, which more likely is due to direct oxidation. 

It is well known that the ''cla\' substance'' in plastic clays, together with 
any potassium they may contain, dissolves entirely in strong sulphuric acid, as 
well as in hydrochloric acid. It is cei*tain that kaolinite is likewise decomposed 
b}' strong acids, though a statement to the contmry is found in Dana's System 
of Mineralogy. That dilute sulphuric acid produces similar results more slowly 
is ver}^ probable and is supported by many observations at Morenci. Thus 
alumina acquires a considei*al)le mobility wherever acid solutions are present. 
An illustration of this is furnished by specimens of greenish compact shale from 
the Longfellow mine, which are traversed by seams of quartz and manganese 
dioxide. Between these seams the cla}' shale is parti}' dissolved and a series of 
irregular cavities formed, often coated by calcite crystals in flat rhomlx)hedrons. 
Pure-white kaolin frequently occurs w^ith azurite at Morenci, its formation being 
easily explained by the action of aluminum sulphate on free silica in the 
presence of cupric sulphate, thus: 

Al,(SOJ,+3CuSO,+3CaC03+2SiO,+6H,0=3CuO,2CO,,H,0+ 

H,Al,Si,0,+3CaSO,+3H;SO,+CO,. 

The aluminum sulphate formed by the attack of sulphuric acid on clay sub- 
stance is extremely soluble in water, and is thus easily transported. During the 
oxidation of clay skales pure kaolin in nodules is very apt to form, as seen in 
the Detroit mine, and this in itself seems to impl}' solution and transj)ortation. 

Sericite is undoubtedlv more resistant than kaolin, but evidence from the 
Montezuma mine shows that it may be attacked. The presence of alunite, an 
almost insoluble sulphate of aluminum and potassium, in the Ryerson mine points 
in the same direction. It occurs here both in seams and in the altered rock, 
clearl}' replacing the sericite: the pyrite in the same rock is, how^ever, not attacked, 
and we may, therefore, refer its origin to sulphuric-acid solutions without free 
oxygen. 

16859— No. 4.S— 05 18 
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according to Doctor Stokes. Similar equations would no doul)t explain the for 
mation of covellite (CuS), bornite (SCujS+FejSs), and chalcopyrite (Cu^S+Fe^S,), 
for it is well known that these sulphides form under conditions analogous to 
those of chalcocite. Doctor Stokes considers it likely that the reaction likewise 
goes on, though more slowly, between +100^ C. and +20"^ C, the range of 
temperature probably existing in the deposit during the period of sulphide 
depositionJ 

Mr. H. V. Winchell" in a most interesting experiment obtained the mineral 
chalcocite from the action of CuSO^ on pyrite in the presence of much SO,. It 
seems very unlikely, however, that SO, was present in the requisite amounts 
during the dej)osition of the chalcocite, so that the experiments and equation of 
Doctor Stokes more likely represents what actually happened. That SO, is 
formed in small quantities during the oxidation of pyrite In open air is true. 
Ferric sulphate is also formed, and as the two are incompatible the result will be 
sulphuric acid and ferrous sulphate. During this stage of open-air oxidation 
sulphites may possibly form, but is is very difficult to imagine that they could 
remain stable. As the waters percolate downward through the mass of unoxi- 
dized pyrite present at Clifton a short distance below the surface that mineral 
will soon reduce the ferric; to ferrous sulphate and thus the principal active 
reagents will soon be limited to ferrous sulphate, cupric sulphate, and free H^SO^. 
It is stated in Mr. WinchelFs paper that SOj is formed by the action of ferrous 
or cupric sulphate on pyrite or chalcopyrite, ])ut even if small quantities of 
sulphur dioxide did form they would probably soon be oxidized by an excess of 
cupric sulphate. 

The very fact that during the experiments of Mr. Winchell cupric sulphate was 
for a long time in contact with pyrite without causing a precipitate would seem to 
show that the evolution of SO2 must be excessively slight. The synthesis of 
chalcocite effected by Mr. Winchell is a highly important experiment, but it does 
not seem to apply to conditions at Clifton-Morenci, partly for reasons already 
given, partly because the reaction is a 'nietascnnatlc interchange between pyrite and 
the solutions, not a simple product of precipitation. 

On the other hand, it is certainly true that no chalcocite has as yet been 
produced artificially by replacement of pyrite at ordinary temperatures, and such as 
doubtless prevailed during the formation of the mineral. The question is thus to 
some extent yet open. 

The equations given by Prof. C. R. Van Hise* for the formation of chal- 
cocite seem open to criticism, as they require the presence of oxygen, which was 
evidently not present in the chalcocite zone, and as they are generally based on 

a Bull. Gcol. Soc. Am., vol. 14, pp. 269-276. bTrans. Am. Inst. Min. Eng., vol. 30, pp. 101. HI, 112. 
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cuprous sulphate, which is only stable in the presence of an excess of cupric 
sulphate and probably only of importance as an intermediate product. Doctor 
Stokes '* has further found that at 200"" a mixture of ferrous and cupric sulphates 
gives metallic copper and ferric oxide. As such mixtures must have been present 
in the sulphate water, and as no such products resulted, it is clear that no such 

;^^/*V' 'r^' temperature prevailed when the chalcocite was formed. 

iL 'j^ TA < I — ^^ jj^ ^j^jj^ district the formation of chalcocite from pyrite is a most important 

^ process, to which most of the ore bodies owe their origin. This process is, 
throughout, one of replacement, chalcocite bodily replacing the pyrite, and 
it is so uniformly developed that one description answ^ers for all localities. It 
acts on the solid pyrite seams and veins as well as on the sericitized and pyritic 
porphyry. To a limited extent it takes place in the metamorphic rocks, but on the 
whole these are so much less pervious to solutions than the porphyry that few 
important ore bodies have thus resulted. By chalcocitization the massive v^eins 
of pyrite become transformed into solid masses of black dull chalcocite, while the 
sericitized poiphyry becomes tilled with grains and little seams of the same min- 
eral. The tirst constitutes high-grade ores, the second the low-grade. A residue 
of pyrite, not yet acted upon, is nearly always present. Thus a vein of massive, 
sooty material cutting the shale in the Montezuma mine contained 96 per cent 
CujS and 2.4 per cent FeS^, and pyrite may be easily seen in nearly every 
specimen of low-grade porphyry ore. The pyrite tirst becomes coated with a 
black stain; in a more advanced stage the chalcocite penetrates the pyrite on 
cracks and tissures in all directions (PI. XIV); finally it almost entirely replaces 
it. The chalcocite has an easily recognized, dull-black color and its sectile char- 
acter is proved in thin sections, by the deep striations produced b}^ the emery 
during the grinding. Kaolin gouge always accompanies chalcocite when occur- 
ring as massive veins; in the chalcocitized porphyry the process is nearly alwa\'s 
attended by a formation of a little brownish kaolin, together with microcrystalline 
quartz or more often chalcedony; these minerals encircle the pyrite or traverse 
the chalcocite as minute veinlets, distinctly later than the alteration of the por- 
phyry to sericite and pyrite. Sericite does not form during chalcocitization; on 
the contrary, the kaolin is formed at the expense of that mineral. Almost solid 
masses of chalcocite up to 20 or 30 feet thick have been mined in the Ryerson 
and Humboldt mines. The transition from chalcocite to unaltered pyrite at the 
lower limit of the zone is remarkably sudden. Usually a change takes place 
within 25 feet, sometimes within 10 feet, from rich chalcocite ore to pyrite with 
one-half to 1 per cent copper. Chalcopyrite is rarely found as a secondary 
mineral, but has been observed as small grains inclosed in chalcocite veinlets 

a Bull. U. S. Geol. Survey No. 186, 1901, p. 41. 
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which cut through pyrite in the R^^ersoii vein; it is here also accompanied by a 
little bornite. Other specimens of sericitized porphyry from the same mine show 
a coating of covellite instead of chalcocite on the pyrite grains. In the ''black 
stope" of the intermediate level of the same mine chalcocite is said to have 
occurred mingled with chalcopyrite, which probably was due to secondary sulphide 
deposition/ ) 

OXIDATION OF THE CHALCOCITE ZONE. 

In the absence of a typical 'Mron cap" we are forced to the belief that the 
space between the top of the chalcocite zone in the veins and the surface is 
occupied by the products of oxidation of (»halcocite and pyrite, the only two ore 
minerals present in that zone. As reagents we hav^e here ferrous sulphate, pos- 
sibly with a small amount of ferric sulphate, further cupric sulphate, sulphuric 
acid, and oxygen, the tirst four derived from the oxidation of chalcocite and 
pyrite near the surface. The ferric sulphate is rapidly converted into ferrous 
salt by the plentiful pyrite. Chalcocite under the influence of oxygen changes 
to cuprite and cupric sulphate: 

2CXS + O = 2CuS + CXO; CuS + 40 = CuSO,. 

Cuprite indeed is found abundantly just above the chalcocite zone, both in veins 

in limestone (Montezuma and Joy mine^ Morenci) and in porphyry -(Metcalf 

inines). Metallic copper is very easily produced from cuprite by sulphuric acid: 

Cu,0 + H,SO, = Cu + CuSO, + H,0. 

In fact, metallic copper is frequently observed in most intimate intergrowth with 
cuprite in this zone (quoted occurrences and in Arizona Central mine). In some 
cases (Montezuma wn) where much sulphuric acid must have been present, the 
sericite in the altered-porphyry dike accompanying the vein is wholly dissolved, 
having as ganguc a porous, loose mass of quartz grains. The cuprite formed 
usually spreads irregularly in the wall rocks of the vein. Specimens fronii the 
Metcalf mines 40 feet above Wilson level and about 200 feet below the surface 
consist of light-gray sericitized granite-porphyry with seams of massive dark-red 
cuprite and scattered grains of the same mineraly The microscope shows the 
rock to be a normal, entirely sericitized porphyry, extensively fractured, and trav- 
ersed by irregular veinlets of dark-red translucent (cuprite with small grains of 
native copper and a few remaining chalcocite grains. The veins often traverse 
the quartz phenocrysts (PI. XIII, B)^ and are largely formed by replacement 
along initial cmcks, partly also by mechanical filling. Cuprite also spreads in 
dendritic forms through the mass of the porphyry, accompanied by a little dark- 
brown limonite, a mineral which, however, is not usually found together with 
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cuprite in the veins. Similar ore was extracted in 1902 from the Montezuma 
vein, Waters Shaft level, where for some distance at the upper part of the chal- 
cocite zone this mineral and cuprite occurred together. Seams several inches 
wide of dull sooty chalcocite contain dark-blue spotj=« of covellite, as required 
by the formulas given above, and are traversed by later seams of cuprite. 

The same intimate intergrowth of cuprite and native copper is frequently 
observed in Williams vein, Arizona Central mine. Sheets of copper are found 
on seams, incrusted with cuprite. There are also veins, several inches thick, 
of native copper which have that fibrous structure perpendicularly to the plane 
of the vein sometimes noted in chalcocite from this district, and which certainly 
represent direct pseudomorphs after chalcocite. This occurs from 250 to 280 feet 
below the surface. The chemical explanation of this replacement is not quite 
clear. The indirect way indicated above would hardly form massive pseudo- 
morphs. Another possible w^a}' is by ferric sulphate, if this could have main- 
tained its existence down to the required depth, thus: 

CXS + 3Fe,(SO,)3 + -iHjO = 2Cu + 6FeS0, + 4H,S0,. 
Kansome" suggests, quoting Brauns, that ferrous sulphate may act as a 
reducing agent and precipitate cuprous oxide from cupric salts. This seems 
hardly probable, for cupric sulphate and ferrous sulphate appear to mix in all 
proportions without reaction. Stokes's* reaction of FeSO^ and CuSO^ forming 
hematite and native copper at 200- is very interesting, but probably has no 
api^|j^^tio(L in the present offse. .^ 

,' ^iTne' zone of cuprite atid metallic copper has" rarel}^ great vertical extension. 
(Both minei-als are rapidly converted into cupric sulphate, brochantite, with sub- 
ordinate malachite and azurite, by sulphuric acid and carbon dioxide; but these 
products again are soon dissolved by free sulphuric acid forming from pyrite, 
some of which mineral tenaciously remains until the very last, and the copper 
salts descend to help enrich the cuprite zone. Thus the upi^rmost 100 to 200 
feet of the veins are usually barren. This applies to the Montezuma and Joy 
veins, and in a lesser degree to the Arizona Central mine, where the oxysalts of 
copper reached the surface in places. At the Metcalf mines the zone of oxidized 
ore reaches to within 80 feet of the surface, where the ore becomes too poor to 
mine and where limonite, absent below, begins to be deposited on seams. The 
most important copper minerals in the oxidized zone of the veins in porphyry 
are brochantite and chrysocolla, although wherever carbonate solutions were 
obtainable malachite and azurite also occur. Some very tine specimens from the 
Metcalf mines some 60 feet below the surface and about 100 feet above the 
chalcocite zone offer excellent illustrations of these processes. The white serici- 

aProf. Paper U. S. Geol. Survey No. 21. 1904, p. 157. ^ Unpublished manuscript. 
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tized j)orphyry contains replacement veins and irregular Vx)dies of cuprite, 
mostly massive and containing streaks of native copper. Green, partly crystal- 
lized or mammillary crusts of green minerals cover the cuprite. The earliest of 
these are intimately intergrown, bluish-green chrysocolla, brochantite, and mala- 
chite, the former two prevailing. Azurite is usuall\' the last mineral formed, 
sitting in well-detined crystals in cavities of the brochantite and chrysocolla. 
Flakes of spangolite on the chrysocolla testify to the presence of acid solu- 
tions capable of dissolving alumina. A dark-yellowish-brown mineral, either 
limonite or a ferric silicate, is also present in small quantities. 

Other s|>ecimens from the open cuts on the first level show veinlets of mal- 
achite, in part certainly replacing sericito, and associated with a gangue of fine- 
grained quartz and limonite. At other places in the Metcalf mines malachite 
and brochantite occur as filled veinlets and the latter is frequently found as 
well-developed minute crystals. Specimens from the Copper Queen mine show 
chrysot*olla concentrically deposited on loose pieces of porphyry and surmounted 
bv tine crvstals of azurite. 

It is not necessary that this complete cycle of transformations should be fol- 
lowed, for brochantite and malachite direct from chalcocite has often been observed. 
Brochantite (IIjCu^SOjo) probabl}'^ forms as follows: 

2Cu,S+100+4H,0=H.Cu,SO,o+H,SO,. 

Chalcocite is not attacked by either strong or dilute 11,80^, while hydrochloric 
acid decomposes it with development of H,S. In a specimen from the Montezuma 
mine the. chalcocite appears as if shattered, and on all seams brochantite develops 
by replacement. Farther away from the sulphide the brochantite partly changes 
to malachite (PI. XII, C). Direct transformation to malachite has also been 
observed at a prospect near Metcalf. J • « « • . . 

The common occurrence of brochantite, the basic sulphate of copper, has been 
emphasized in the chapter on mineralog>'. Its '"habitat" is chiefly in the porphyry 
and not far l>elow the surface. It is probabl}' a very common mineral, though 
usually taken for malachite. It is very easily reproduced in different ways.*/ 
i'hrysocoUa forms in most cases from cuprite, but Roth* says also that it 
by interchange between cupric silicate and alkaline silicates. It is somewhat 
soluble in water, containing CO55, and is easily decomposed by acids. 

The absence of thesQ oxysalt*j from the immediate surface zone of most of the 
veins seems to indicator' that they have been dissolved by waters containing H^SO^ 
and CO,. The solutions were carried down to deposit still more copper in the 
upper and always richest part of the chalcocite zone. 

aBrauiis, R.^Chemische Mlneralogie, 1896, p. 260. f>Allg. Geol., pt. 1, p. 258. 
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( With some exceptions the c^roppings of the Copper Mountain veins contained 
in porph3'ry are ahiiost absolutely barren of copper minerals. Where the out<*rops 
can be accurately placed, which is not often the case, they merely consist of 
sericitized porphyry cemented })v veinlets of quartz. The pyrite, copper salts, and 
limonite have been carried away, as illustrated by Analysis V on page 108. The 
top of the chalcocite zone is 100 to 200 feet below the surface. As usual, the 
upper half of the zone is nmch the richer. At its upper limit the porphyry 
containing chalcocite and pyrite becomes brown and rusty. The chalcocite disap- 
pears rapidly, but some cupric sulphate is universally present as efflorescences and 
seams in the rock. Limonite is fairly abundant in seams and throughout the rock. 
Some pyrite remains to the last and disappears wholh' only a very short distance 
below the surface. Malachite, chrysocolla, and allied minei*als occur only in insig- 
nificant amounts. For some reason there has been here a more energetic oxida- 
tion of the chalcocite with direct conversion to cupric sulphate, which in turn has 
descended and enriched the upper chalcocite zone. We may assume that the 
following equations represent what has taken place: 

Cu,S+0,=CuSO,+CuO 
CuO+ HSO, = CuSO, + H,0 

In some cases, however, bunches of chalcocite continue along the main veins close 
to the surface, and on the Fairpla}' claim, at Cariisco, and near the Liverpool 
tunnel chrvsocoUa and other oxvsalts are found near the surface. 

Cupric oxide (melaconite or tenorite) has i^ot been found in these deposits 
either in the chalcocite or in the oxidized zone.y 

PROCESSES IN DEPOSITS IN LIMESTONE. 

The processes which have resulted in the oxidized deposits which form 
irregular or tabular masses in limestone or shale are materially different from those 
prevailing in the veins. The}' are partly due to direct oxidation and largel}'^ 
to the effect of sulphate solutions. Most of the ore bodies are situated near the 
surface like the Detroit, Longfellow, and Shannon deposits, or near a fault facil- 
itating the percolation of solutions. Although direct evidence is not available 
in every case, it is certain that the original material in most cases consisted of 
lean chalcopvrite ores mingled with pyrite, magnetite, and zinc blende. These 
were, according to accidents of contact metamorphism, locally more concentrated 
in irregular masses or along certain stnita. Free oxygen, free sulphuric acid, 
ferrous and <!upric sulphates with an abundance of carbonate of lime were the 
reagents employed l)y nature. Oxygen and carbon dioxide alone in man}'^ cases 
doubtless produced limonite and malachite directly from the sulphides, but the 
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most important reactions siirel}- were those between carbonate of lime and 
sulphate solutions partly deriv^ed from points near the surface. 

2CuSO,+2CaCO,+H,0=(Cu()H),C03+2CaSO,+CO,, 

or cupric sulphate + calcite = malachite + calcic sulphate; 

3CuSO,+3CaC03+H,0=(CuOH),Cu(C03),+3CaSO,+CO„ 
or cupric sulphate + calcite = azurite + calcic sulphate. 

According: to a well-known reaction, ferric hydrate will be produced from 
ferrous sulphate and calcite, and in this manner is explained the occurrence of 
malachite, azurite, and linuJuite on these deposits. The copper contained in the 
contact metamorphic rocks will thus be enriched by precipitation of the trans- 
ported cupric sulphate. Reduction of volume by the removal of gypsum contrib- 
utes to the enrichment. In confirmation of the correctness of this reaction crusts 
of replacing malachite and azurite frequently surround residual rounded masses 
of limestone. This wa;^ particularly well shown in an excavation at the surface 
near the Ryerson shaft, Morenci, and in the lioulder tunnel, Shannon mine, 
Metcalf . In part, however, the process is one of crustification, as was well shown 
in the beautiful stalactitic masses of malachite and azurite formerly found in the 
Detroit and Manganese Blue mines, and to some extent 3'et occurring in the red 
and central ore bodies of the Shannon mine. A specimen from the latter locality 
shows stalactitic crusts of blacik copper-pitch ore and dull-black material with 
much manganese; on this is deposited coarsel}' crystalline azurite with a little 
kaolin, which again is surmounted by line iibrous malai'hite; in places occurs a 
second generation of azurite alternating with copper-pitc^h ore. Other specimens 
show crusts of dark-green brochantite, limonite, again surmounted by iibrous 
pale-green malachite. 

In the old irregular azurite stopes in the Copper Mountain tunnel at Morenci 
the partly contact-met^imorphosed limestone is converted to a loose yellowish 
aggregate containing bunches of small azurite crvstals and many small pale-green 
balls of radially fibrous malachite. The matrix consists chiefly of a kaolin-like 
material, containing roughly 27 per cent H,0, 29 per cent SiO„ 36.5 per cent 
AljO,, and 3.3 per cent MgO. (Ilillebrand, analyst.) 

The garnet and magnetite, frequently forming the gangue of these deposits, 
likewise alter to ferric hydrate and quartz with removal of lime. Gypsum is 
not uncommonly found as silky foils, and was especially noted from the Monte- 
zuma and Manganese Blue mines. 

Resides th(»sc principal processes there are many others of subordinate 
importance. Chrysocolla forms where silica is abundant, as in masses of garnet 
(Modoc mine), and is usually associated with copper pitch ores and seams of 
black manganese, probably impure pyrolusite. Brochantite is not common. 
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The zinc sulphide contained in the primary veins, below the chalcocite zone, 
is there converted to zinc sulphate and practically eliminated from the oxidized 
zone. In the deposits in the altered limestones no such complete elimination 
takes place, for carbonate of zinc and the two silicates are occasionally found; 
much zinc also goes into copper-pitch ores, and the cap rock of partly oxidized 
magnetite and garnet at the Shannon mine contains some of it as carbonate and 
silicate. In the ore bodies proper the zinc forms a very small percentage. Efflo- 
rescences of zinc sulphate, with which are also mixed the sulphate of magnesia 
and copper, are of very common occurrence in old mine workings in shale 
and limestone. 

The final result of the oxidation and enrichment of the altered limestone 
will be limonite, quartz, malachite, and azurite, with more or less kaolin. The 
lime is almost eliminated, while silica and alumina form residual concentrations. 

Chalocite is rarely an important mineral in these deposits. Cuprite, ordinarily 
absent, occurred extensively in some parts of the Longfellow mine, under exactly 
what conditions is not known. 

OXIDIZING PROCESSES IN SHALE. 

The occurrence of cuprite in clay shale is a common phenomenon at Morenci. 
Disseminated in small flakes it is plentiful in the Hudson crosscut of the Arizona 
Central mine 150 feet below the surface, and bodies of it were extracted in 
1902 in the Manganese Blue and Montezuma mines, 100 to 150 feet below the 
surface. It also occurs disseminated with the thick shale beds underlying the 
second ore body in the Detroit mine. The two lower ore beds of the Manganese 
Blue mine, now worked out and inaccessible, also carried predominant cuprite ore. 
The occurrence in the Longfellow mine ma\' also have been partly associated 
with shale. The cuprite occurs as flakes on the bedding planers of the dark-gray 
or black shale, or disseminated through it in veinlets which to some extent are 
formed b}" replacement. No particular gangue mineral seems to be associated 
with the mineral, except limonite in the richer occurrences. The cuprite is partly 
altered to malachite, this })eing i)roved b}- seams of the latter mineral cutting 
across the first. These occurrences of cuprite seemed at first difficult to explain, 
but recent interesting experiments by Doctor Kohler/' who shows that solutions of 
copper sulphate filtered through kaolin become hydrolyzed by adsorption, throw 
much light on the subject. The copper is precipitat^l as oxide, and sulphuric 
acid is set free. Organic matter contained in the kaolinic shales would easily 
account for further reduction to cuprous oxide and native copper, if indeed this 
be not accomplished directly by the free sulphuric acid. 

"Zeitschr, pmkl. (Jeol., vol. 11. p. 49. 



192 COPPER DEPOSITS OF CLIl-TON-MORENCI DISTRICT, ARIZONA. 

Dr. E. C. Sullivan, who for some time had been working on the phenomena 
of adsorption by kaolin, kindly consented to make some experiments on the 
Morenci shale analyzed and des(•ri^>ed on page 67, with a view to ascertaining its 
action on solutions of cupric sulphate. A preliminary statement by Doctor 
Sullivan of the interesting results of this inquiry is here appended. 

** Fifty grams of shale, finely ground in agate mortar, were placed in 100 cubic 
centimeters of solution of cupric sulphate containing 0.0025 gram of copper per 
cubic centimeter. After standing for four days, with occasional shaking, the solu- 
tion contained but 5 per cent of that amount of copper. A solution of the same 
strength had lost all its copper after four months' contact with shale. A concen- 
trated solution with original content of 0.7645 gram copper per cubic centimeter had 
but 0.7058 gram copper per cubic centimeter after a few days' contact, 100 cubic 
centimeters of solution thus giving up nearly 0.6 gram copper (0.75 g. cupric oxide, 
CuO) to 50 grams shale. 

^* A certain amount of acid radical is also taken from the solution by the shale. 
This loss in one experiment with the dilute copper sulphate mentioned was something 
over 10 per cent of the total SO^. 

^^The shale in turn gives off a part of its constituents to the solution, about 0.2 
gram having been found in 100 cubic centimeters after treatment with the dilute 
copper -sulphate solution. This is 0.4 per cent of the 50 grams shale taken. Of this 
dissolved matter, mostly present as sulphate, one-third to one-half was potassium 
oxide, most of the remainder being magnesium oxide and calcium oxide with sodium 
oxide, manganese oxide, ferric oxide, and silica in smaller quantities. 

"The acidity of the solution was not increased b}' removal of copper, analysis 
showing that copper precipitated in excess of that equivalent to the acid radical 
removed was replaced in solution by other bases as sulphates." 

In that part of the Longfellow deposit contained in the E^t Yankie mine 
masses of very pure kaolin occur together with separated masses of cellular 
limonite. Neither contains much ore and both are probably derived from clay 
and lime shales. The kaolin contains little aggregates of cuprite with metallic 
copper and both alter to malachite, which traverses the rock in delicate veinlets. 
Sometimes the cuprite is surrounded by little aureoles of limonite and malachite. 

Azurite is also no stmnger in the shale deposits, as shown, for instance, in 
the second ore body of the Detroit mine. The mineral has a strong tendency 
to develop metasoniatically in the partly contact-metamorphosed shale, as shown by 
PL XV, />. Specimens show a grayish compact shale, more or less deeply colored 
hy malachite and containing fine replacement crystals of azurite. In thin section 
the shale consists of a microcrystalline aggregate of sericite and tremolite, full 
of minute grains and crystals of malachite which also occurs as fibrous replace- 
ment veins. Besides the minerals mentioned there is formed by replacement of 
the shah* a dark-brown translucent and isotropic copper-pitch ore which assumes 
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round concretionary forms. Cases have been observed In the Copper Mountain 
mine in which azurite envelops grains of undecomposed pyrite accompanied by 
a little limonite. 

Another interesting occurrence is that of cuprite on magnetite, observed on 
the intermediate level of the Arizona Central mine, 2()0 feet below the surface. 
About 2(M) feet below the surface at a strong slip, not far from the great dis- 
turbance of the Apache fault, a seam of chalcocite in porphyry alters to cuprite 
near a mass of magnetite here adjoining the porphyry. Fine crystals of cuprite 
sit on open fissures of dissolution in the magnetite and are accompanied by 
limonite and fibrous crusts of some manganese ore. The magnetite probabi}' 
plays no direct part in this reaction, which more likely is due to direct oxidation. 

It is well known that the '*clay substance" in plastic clays, together with 
any potassium the}- may contain, dissolves entirely in strong sulphuric acid, as 
well as in hydrochloric acid. It is ceitain that kaolinite is likewise decomposed 
by strong acids, though a statement to the contmrj' is found in Dana's System 
of Mineralogy. That dilute sulphuric acid produces similar results more slowl}' 
is very probable and is supported b}'^ man}^ observations at Morenci. Thus 
alumina acquires a considerable mobility wherever acid solutions are present. 
An illustration of this is furnished b}' specimens of greenish compact shale from 
the Longfellow mine, which are traversed by seams of quartz and manganese 
dioxide. Between these seams the cla\- shale is parti}' dissolved and a series of 
irregular cavities formed, often coated by calcite crystals in flat rhomlx)hedrons. 
Pure-white kaolin frequently occurs with azurite at Morenci, its formation being 
easil}' explained by the action of aluminum sulphate on free silica in the 
presence of cupric sulphate, thus: 

Al,(SO,)3 4-3CuSO,+3CaC03+2SiO,+6H,0=3CuO,2CO,,H,0+ 

H,Al,SiA+3CaSO,+3H;SO,+CO,. 

The aluminum sulphate formed b}' the attack of sulphuric acid on cla}^ sub- 
stance is extremely soluble in water, and is thus easily transported. During the 
oxidation of clay skales pure kaolin in nodules is ver\' apt to form, as seen in 
the Detroit mine, and this in itself seems to imply solution and transportation. 

Sericite is undoubtedly more resistant than kaolin, but evidence from the 
Montezuma mine shows that it may l>e attacked. The presence of alunite, an 
almost insoluble sulphate of aluminum and potassium, in the Ryerson mine points 
in the same direction. It occurs here l)oth in seams and in the altered rock, 
clearly replacing the sericite; the pyrite in the same rock is, however, not attacked, 
and we may, therefore, refer its origin to sulphuric-acid solutions without free 
oxygen. 

18859— No. 4.S— 05 13 
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No secondary pj'rite appears to have been foniied at any time in the zones of 
direct or indirect oxidation. Considering that cupric and ferrous sulphate certainly 
occur mixed in various proportions in the oxidizing waters, it is certainly remark- 
able that the oxysaltiji of copper are ahnost entirely free from iron. Only the 
soluble sulphates seem to have some slight inclination to crystallize in isomor- 
phous mixtures. 

PAnAC;ENE8I8. 

The minemls formed during successive stages may be summarized as follows; 

JMinary procet^ses — Pyrite, chalcopyrite, zinc blende, molybdenite (rarely magnetite), 
sericite, (juartz (rart»ly treraolito, diopwde, an<l epidote). 

Introduction of iron, nnlpbur, zinc, cop])er, ]>otaHHiuni, and silica. Elimination of calcium 
and 8<Nlium. 
ProcesHes of oxidation — 

Action of sulpbate sohitionn witbout oxygen — (Mialcocite (rarely <*ovelIite, chalcopyrite, 
and bomite), (jiiartz, cbalced<my, kaolin, alunite. 

Introduction of copi>er. Elimination of zinc, Home iron and sulphur. 
Action of directly oxidizing? Holutionn — Cuprite, native copper, brocbantite, malachite, 
chrypocoUa (rarely azurite), cbalcanthite, limonite, (juartz. 

Intro<luction of carbon dioxide. Elimination of sulphur, together with some iron 
and cojijier. 
Contact <lepogiti« — 

Primary pro(*eH8t»H — Pyrite, magnetite, chalcopyrite, zinc blende, molybdenite, 8|>ecularite, 
garnet, cpidote, diopside, tremolitc, <{uartz. 

Intr<.Mluction of much iron and silica, together with copi)er, zinc, molybiienum, 
.«ulphur, iK^«!iibly magnesia. Elimination (»f carl>on dioxide and probably some lime. 
Processes of oxidation — Limonite, malachite, azurite, cuprite, rarely native copper and 
chalcocite, copjier-f>itch ore, clirysoi'olla, goslarite, zinc carbonate, willemite, calamine, 
pyn^lusite, tjuartz, calcite, chlorite, serjKjntine. 

Introduction of carbon <lioxide and additional cop)H*r. Eliminatiim of i^lcium, sulphur, 
some zinc and iron. 



CHAPTER V. 

PRIN(,^I1>AJ. CTIARACTEHlSTirS OF DEPOSITS. 

DEPOSITS OF CARBONATES AND OXIDES IX LIMESTONE AND SHALE. 

DISTRIBUTION. 

These deposits are chiefly confined to the vicinit}^ of Morenci and Shannon 
Mountain, the principal occurrences bein^^ those of the Manganese Blue, Detroit, 
Copper Mountain, Montezuma, and Longfellow mines at the former place, and 
that of the Shannon mine at the latter. Smaller deposits occur at the head of 
Placer Gulch and at the Stevens mines near the mouth of Garfield Gulch. 

GENERAL CHARACTER AND STRUCTURE. 

In their present form these deposits contain practically all of the oxysalts of 
copper known from the district, but consist chiefly of malachite, azurite, and 
cuprite, with very subordinate occurrences of native copper and chalcocite. In 
most cases these are associated with much limonite, manganese dioxide, kaolin, 
and soft yellowish material which in a large proix>rtion of the deposits proves to 
be decomposing and hydrated forms of tremolite, diopside, epidote, or garnet; 
some quartz is also present. The copper minerals are sometimes deposited })y 
crustification, when zinc and manganese salts usually also appear, or form as 
replacements in lime or shale. Exceptionally, as in the Stevens mines, deposits 
of chrvsocolla with limonite occur in whollv unaltered limestone. 

ft ft 

The carbonate ores, which generally prevail in the deposits contained in 
limestone, are malachite and azurite. the latter sometimes forming large aggre- 
gates of crystals. Formerly the ore was often extremely rich, great masses 
yielding 20 per cent having l)een of connnon occurrence, but j)ractically all of 
these deposits except some in the Shannon mine have now been worked out. 
There was great demand for this ore, which natually yielded most easil}' to 
metallurgical treatment, and the deposits were thus rapidly exhausted. The ores 
contain very small (juantities of gold and silver, the amount of silver per ton rarely 
rising to 1 ounce and the amount of gold rarely exceeding 50 cents per ton. 

The form of these deposits is sometimes entirely irregular, as shown in the 
small azurite stopes of Copper Mountain. The Longfellow deposit was shaped 
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occur throughout the Longfellow limestone. In the Montezuma they are found 
in the Morenci shales. In the Modoc and Detroit mines they occur in several 
horizons of the Modoc limestone. The same is repeated at Metcalf. 

CROPPINQS. 

It seems characteristic of these deposits that they frequently outcrop almost 
at the surfiu'e. As illustrating this may be mentioned the azurite stopes follow- 
ing the Shannon dikes, the central ore body in the same mine, the Longfellow 
mine, and the big upper ore bodies in the Detroit and Manganese Blue mines. 
Azurite appears in fact to resist decomposition more strongly than most of the 
other oxysalts of copper. 

ORIGIN. 

Driving laterally, or sinking deeper from these ore bodies, is apt to develop 
hard metamorphosed limestone with chalcopyrite, garnet, epidote, and other 
mineral of the contact-metamorphic group. Such was found laterally and at the 
bottom of the Ijongfellow mine, 400 feet below the surface, and in the Detroit 
and Manganese Blue mines at depths of between 400 and 500 feet. In the Detroit 
mine garnet intergrown with azurite often occui's in the upper ore body, and 
tremolite with the same mineral in the second tabular mass of ore. Entirely 
similar conditions obtain in the Shannon mine. From all these data, explained 
in more detail in the chapter on metamorphic processes, the very confident con- 
clusion has been drawn that the majority of these deposits have been formed by 
the oxidation of irregular or tabular masses of low-grade ore, consisting of 
chalcopyrite, pyrite, zinc blende, and magnetite, associated with contact-meta- 
morphic silicates, such as the lower mine workings have disclosed in such 
abundance, for instance, in the Yavapai mine. The oxidation has been accom- 
panied by great enrichment on account of reduction of volume and introduction 
of additional copper in sulphate solution. The principal reaction involved seems 
to be that between calcium carbonate on one hand and the sulphates of fei'rous iron 
and copper on the other hand, resulting in ferric h3'drates, copper carbonates, 
and gypsum. 

The oxidation does not extend down to any well-detined water level, which 
must be far below the deepest workings, but acts most irregularl}', sometimes 
leaving fresh metamorphic limestone at the surface and again reaching down to 
a depth of 400 feet along fissures and faults. The present ore bodies probably 
fell an easier prey to oxidation by reason of their richness in sulphides and their 
favorable exposure to percolating waters. In such position are the upper ore 
bodies of the Detroit and Manganese Blue, In other cases the oxidation was 
facilitated by means of fault planes and porph^'iy dikes. These agents doubtless 
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caused the concentration of cop|>er in the I^ongfellow mine (figs. 5 and 6), and the 
Copper Mountain fault ea.sily carried sohition.s down to the lower ore bodies of 
the Manganese Blue (fig. 7). At the Shannon mine the ore bodies were easily 
accessible to surface waters. 

For some of these deposits the origin indicated above is proliably not appli- 
cable. Among these the most prominent group is fonned b\' the cuprite deposits 
in shale, J>oth in th(» pure clay shales of the Morenci formation and the lime 
shales of the Ixingfellow formation. Here the cuprite oc*curs disseminated or in 
filled or replaced veinleb* frequently changed to malachite, and the ordinar}' con- 
tact minerals are a>)sent. These deposits, of which the lower l)eds in the Man- 
ganese Blue and some beds in the Montezuma mine furnish the l)est examples, 
are evidently derived from percolation along shale l>eds of copper-sulphate solu- 
tions, which, accortling to the reaction descril>ed by Kohler," deposit copper 
oxide and lil>emte sulphuric acid. 

In a few other cases, notably in the Stevens mines at Garfield Gulch, the 
oxidized ores, chiefly chrysocolla, form irregular masses surrounded by limonite 
in apparently unaltered limestone, but lying closely adjacent to a porphyry dike. 
It is difficult to arrive at definite conclusions as to the origin of these deposits 
where no direct evidence of contact metamoiphism exists. The sulphides from 
which the oxidized ores are directlv derived mav, in this case, well have l>een 
deposited by the vein-forming solutions spreading irregularly in the limestone. 
If so, these ore bodies would l)€long to a somewhat later period than those due 
to contact metamorphism. In the Shannon mine some of the Morenci shales 
contain luuch chalcopyrite, principally in little seams, and it is considered prob- 
able that this impregnation also dates from the vein-forming epoch. 

Only a limited numl)er of the more important ore bodies of carbonates and 
oxides have been mentioned, ))ut it should l>e remembered that the contact- 
metamorphic areas of limestone and shale, both at Morenci and at Metcalf, are 
full of smaller deposits and pockets of the same kind as those descril)ed in this 
chapter. 

AGE. 

To the principal class of contiict-metjimorphic deposits an age equal to that 
of the porphyry Intrusion nuist be ascrilwd- that is, they were formed In latest 
Cretaceous or earliest Tertiary times. The agency was in all probability magmatic 
solutions, emanating from the porphyry. But these deposits were of low grade, 
and their concentration to bodies of workable copper ores took place later, and hy 
the agency of descending atmospheric waters, as evidenced by the complete oxida- 
tion of the ores. That this process of oxidation is still in progress is certain. 

"ZeitM'hr. pfukt. Geol.. vol. 11, p. 49. 
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Another question is as to the date of beginning" of oxidation. It is certain 
that the oxidation began at the moment the tirst oxidizing surface waters reached 
these deposits. This depended on the rate of progress of erosion, which may 
have been materially different in various places. There is no reason why, in some 
cases, the oxidation may not have begun in Tertiar}- time, for just }>efore the 
great volcanic eruptions of that period erosion had cut down to the same gradient 
it has now attained. Similar conditions and active erosion followed the Tertiary 
outbursts and preceded the deposition of the Gila conglomerate. 

An important dislocation — the Copper Mountain fault — cuts across the lime- 
stones which contain the Manganese Blue ore bodies. There is very little ore on 
this fault, and the oxidized ore bodies, according to best authority, butted 
directh^ against it. As shown by tig. 7, the oxidation has reached a depth of about 
400 feet on the foot-wall side, but scarcely more than 200 feet on the hanging- 
wall side, which has moved down relatively about 225 feet. The principal epoch of 
faulting in this district was later than the intrusions of porphyr}^ and earlier than 
that of the Tertiary lava flows. At the time of the faulting it is probable that a 
considerable thickness of Cretaceous strata covered the ore-bearing limestones in 
the Morenci basin, and, therefore, bearing in mind the great resistance of the 
contact-metamoi'phic rocks to oxidation, it is likeh'^ that no part of this oxidation 
took place earlier than the dislocation along the fault. After the faulting extensive 
degradation followed, and the access of surface waters was much facilitated by the 
fissures. My conclusion would ))e that oxidation of the Morenci contact- 
metamorphic deposits began rather early in Tertiar\' time, })efore the eruption of 
the andesites, rhyolites, and basalts. 

FI8SUKK VEIXS AND RELATED DEPOSITS. 

DISTRIBUTION. 

The fissure veins on the whole follow the porphyry stock, extending north- 
easterly from Gold (uilch, among the Eagle Creek foothills, by Morenci and Met- 
CJilf, to Copper King Mountain; their last outliers are found at Sycamore Gulch 
northeast of that peak. The* belt is about !♦ miles long and from 2 to 4 miles 
wide. Small and irregular veins outcrop in (rold Gulch, and a strong and pro- 
ductive vein system passes through Morenci, on both sides of the contact. Suiall 
fissures and extensive mineralized zones characterize the vicinitv of Metcalf and 
Chase Creek })etween Metcalf and the Longfellow incline. The great Coronado 
fissure occupies a position by itself on top of the ridge south of C'oronado Moun- 
tain. Finally a small group is found at (iarfield (Tulch, while a strong, but thus 
far not very productive, vein system follows the porphyry dikes of Copper King 
Mountain. 



2Wl COKFKK DKHiftlTS OF CLIfTOX'JIOREjrCI Df«TBlCT. ASIZOSA. 

GEOLOGICAL FEATURES. 

'Hi^; v^rin* ^j^'/'ur in prarrtirrally sill of th#r oM#^r irn-k- of the dbtrict, bat are 
fMrv^'r foijfi/l in tb^r T^frtiary ^mijitivf.-. fja.*Milt. rbyolit*-. and amWite. At Morenci 
tb*?r ^'ijf. tJi#r r'r^Uu;#'Mj'» and VnXf^fXniu: •trata. all more or le^ contai.-t metamor- 
\f\ur^'A, Tb#f U'i^t v#'in?» are i-ontainerl in porpbyr}' or are not far from the con- 
ta/rt. At Met^alf fh#'y txTMi in fir^rj^byry or granite: in the Cha.««e Creek Canyon 
f'\iU'f\y ill ^ranit^'« though usually rlr^se to [x^rpbyr^* dike?*: at ^larfield Galch one 
iein lie** on the r'onta/rt U'tw^-^-n [i^^qibvry and limestone: the Coronado vein fol- 
low** a fault fio^un' Uftween qiiart;^ite and granite, accompanied by a diaba:!*e dike; 
«<niall<?r v^'inn. HHVir;iat^;rl with dialiasr? dike.*, c^-cur at Garfield Gulch and vicinity. 
Th^'H' are a f<'W deji^^ib* which do not rejiemble the prevailing type at all. but, 
like the Ilonricyer vein, crmtain gold and siU'er with lead. or. like the Black 
Ij(hU% contain the v^tv unusual annociation of chalcopyrite. magnetite, and epidote. 
With all thin diversity, pnu'tic^illy all of these vein** are closely connected with 
^ranite-|K>rj>hyry, ^uart^-monzonite-pr^qjhyrA'. or dialjat^e. either cutting these rocks 
diriM'tly or following <iikes of theni, or at lea>»t occurring in the immediate vicinity 
of ini|iortiiiit dike HyHtenis. 

I>*aving out of (ronsideration for the present the few deposits of abnormal 
chanutUT, the discussion will first l>e confined to the prevailing Morenci and Met- 
i'ult ty|H% including thosi'^ ore-FK*aring dikes and irregular zones of dissemination 
which are clearly genetically (connected with the fissure veins. 

MORENCI AND METCALF TYPE. 
STRUCTURE. 

Most of the Mi)renci and Mctcalf veins have a northeasterlv strike and a 
steep northwesterly or southeasterl}' dip; a few^ between Morenci and Metcalf 
have a northerly strike, and a minor system of veins near Metcalf course north- 
westerly. Still, the northeasterly trend is characteristic, and this trend is also 
that of the porpliyry stcwk and of practically all the porphyry dikes. This is 
in marked <'<)ntnist to the trends of the fault lines, which do not seem to follow 
any well-dellned direction, and to the course of the rhyolite dikes on Copper 
King Mountain, which have a northwesterly direction. As shown on the mine 
nmp (IM. XV III) there are two groups of characteristically linked lode systems 
at Morenci, l)otli forming flat curves, with the convex side toward the southeast, 
one chielly in the i)()rphyrv stock near the contact and the other entirely in the 
UM^taniorphic rocks. The length of this system is less than 2 miles. Individual 
veins are rarely tniceabh* far, and may dip steeply either northwest or southeast. 
The ('o])per King vein, on the mountain of the same name, is probably traceable 
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for li miles; it is the longest vein in the district. On this a vertical depth of 
6(.)0 feet is attained. Few of the Morenci workings penetrate more than this 
distance below the surface of Copper Mountain. Tlie irregular zones of dissemi- 
nation, as at the Metcalf mines, show small fissures and veinlets running in all 
directions, but here also a northeasterl}" striking sheeting of the country rock 
prevails. Altered and ore- bearing dikes often also show northeasterly sheeting 
with pyrite seams parallel to the walls. 

The veins always have one or more well-defined walls, frecjuently well 
polished and striated. Movement has always taken place along them, though 
the dislocations were seldom of great magnitude. The regularity of the principal 
fissures and their conjugated character (that is, their dipping in opposite directions) 
make it exceedingly prol^able that they are due to compressive stress acting in 
a general northwest-southeast direction. In this respect these vein systems differ 
little from those of many other mining districts of the West. 

ORES IN CSENEKAL. 

The ores consist of predominating pyrite with chalcopyrit^, zinc blende, 
molybdenite, chalcocite, cuprite, and various oxysalts of copper, among which 
chrysocolla, brochantite, and malachite are the most counnon. The gangue 
occurs in subordinate quantities and consists exclusively of quartz. Experience 
has shown that each vein usualh^ contains three zones in vertical distribution, as 
follows: 

Ore zones in the Morenci and Metcalf titpe ofjissnre *iciH>8it8. 

Surface zone 50 to 200 feet deep from the croppinjrn; containH oxidized eopper min- 
erals or is barren. 

Chalcocite zone 100 to 400 feet in vertical extent; i)os8ibly more in places; contains chal- 
cocite and pyrite. 

Pyritic zone Begins 200 to 600 feet Ik'Iow the surface; contains pyrite, chalcopyrite, 

zinc blende, and molyb<lenite. 

It has }>een shown in the chaptiM* on metamorphic processes that the min- 
ei*als of the upper two zones have resulted from those of the pyritic zone by 
proc*esses of direct and indirect oxidation: that the chalcocite is wholly derived 
from replacement of pyrite, probably b\^ aid of cupric sulphate solutions; and 
that the surface zone has been derived from the chalcocite zone by its gradual 
and direct oxidation. It has further been emphasized that the pyritic zone has 
thus far been found to be poor, and nirelv makes commercial copper ore; that 
the chalcocite zone produces the richest ore, and that the richest part of it is 
near its upper limit: and, finally, that the leached zone is usually poor and some- 
times practically barren. 
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chalcocite zone is always richest in its upper part and gradually grows more 
pyritic until the sudden transition jast mentioned takes place. Below this level 
evidence of chalcocitization can be found only along the fissure planes. The 
massive pyrite veins are ti'ansformed into pure chalcocite or more commonly into 
a mixture of chalcocite and pyrite, while the zinc })lende is eliminated by conver- 
sion to soluble sulphate. This forms high-grade ore, with over 5 per cent in 
copper, and sometimes up to 50 per cent, while the pyritized porphyry turns into 
low-grade ores w^itli from 2 per cent to 5 jmh* cent of coppi»r. To these large low- 
grade bodies the recent great development of the industry is due. 

In some mines the chalcocite ore Ix^gins ahnost from the surface; as, for 
instance, at the Copp<»r King and Jameson veins, and in the insignifioint bodies 
found near the bottom of C.'hase Creek Can\'on. But at Morenci the depth from 
the surface is rarelv less than 200 feet. 

The depth on the vein attained by the chalcocite zone from the beginning of 
direct oxidation to the upper limit of the pyritic zone varies greatly; it is some- 
times less than 100 feet, as in the Joy and Montezuma veins (tigs. 10 and 11), 
while under Copper Mountain the average would be somewhat over 200 feet, 
though directly below the summit it is 800 feet, and the bottom in some places 
has not ^^et been reached at that depth (tigs. 7, 8, 14, and 17). In general, the 
upper limit would be represented by a curved surface somewhat less convex than 
the contour of the mountain. The lower limit is not so regular, but seems on 
the whole to be flatter, while great irregularities may sometimes exist (fig. 16), 
no doubt due to exceptional conditions of circulation of surface waters. In 
the Arizona Central mine partial oxidation has penetrated the chalcocite zone 
to a depth of 800 feet Ijelow the surface, probably owing to its situation under- 
neath a wide gulch. At the Metcalf mines the zone is small and not distinct, the 
chalcocite being greatly mixed with cuprite. In the Metcalf King mine it has 
not yet been reached at a depth of 200 feet. 

Ore hodieH of tlw clujlcocite zime, — In the Copper Mountain mines the veins, 
of which the Wellington, Kyerson, Humlx)ldt, and West Yankie are the most 
imi)ortant, cut across both porphyry and - metamorphic limestone (PL XVIII 
and tig. 12). The great ore bodies are almost exclusively confined to the 
porphyr}', and when a vein carrying chalcocite enters the sedimentary masses 
sometimes included in the porphyry, it ordinarily becomes narrow, poor, or 
barren (tig. 14). The veins themselves are rarel\' over a few feet wide, more 
commonly 12 or IS inches, and consist of a massive streak of sooty chalcocite 
ore of great richness. Following this seam are sometimes very large masses of 
low-grade ore — usually soft whitish porphyry, containing disseminated grains and 
little scams, running in all directions, of chalcocite and pyrite. The stopes of 
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low-grade ore ordinarily range from a few feet up to 50 or more in width; many 
are 200 feet long and have been stoped for that vertical distance. The great 
body of concentrating ore between the two Humboldt walls, which dip toward 
each other, is about 300 feet long up to 200 feet wide, and has been stoped for 
a vertical distance of nearly 200 feet (tig. 14). 

The Humboldt foot wall (PI. XVIII) continues extremely well defined from 
the Ryerson mine into the Arizona Copper Company's properties, where it 
crosses the Wellington vein; here again very largo ore bodies, in some cases up 
to 200 feet wide, are found which have been stoped over a vertical distance of 
300 feet (fig. 17). 

These bodies usually continue throughout the depth of the chalcocite zone, 
provided no bodies of metamorphic shale or limestone are encountered, in which 
case they immediately l)ecome impoverished. 

While the Fairplay veins, which are entirely contained in porphyry, are not 
quite so large and the rock is apt to be hard and siliceous, 4 large stopes are 
opened on them at present, the most extensive being 100 feet long, 35 feet wide, 
and at present (1903) 160 feet high. 

Some masses of low-grade ore in porphyry are less directl}' connected with 
separate and distinct fissures, as, for instance, the Eagle stope in the Humboldt 
mine and the stopes in the Yavapai mine. In the latter the ores seem to follow 
two porphyry dikes from 10 to 100 feet wide, which, previous to chalcocitization, 
were already converted into sericite, quartz, and pyrite, and thus offered a 
congenial place for circulation of copper solutions (fig. 15). Here again the 
adjoining limestone, though containing disseminated chalcopyrite, proved largely 
impermeable to oxidizing solutions. These stopes in the Yavapai are considered 
to belong to the West Yankie lode and form in fact a sheeted zone with many 
P3^ritic seams parallel to the walls of the dike. Ore-bearing dikes of the same 
kind occur in the Shannon mine at Metcalf (PI. XXV). 

In the Arizona Central mine the Williams vein generally follows a porphyry 
dike of very varying width; most of the ore is contained in it. Farther west it 
strikes into the larger porphyry masses and the ore bodies widen correspond- 
iiigl}'. In the Montezuma vein the chalcocite zone is less developed; most of it 
seems to have been oxidized. But here too the vein partly followed a dike of 
porphyry, and the mixture of cuprite and chalcocite which formed the ore was 
best and largest wherever the porphyry widened out (PI. XVIII and fig. 18). 

In the Kast Yankie mine a great east-west fault is encountered, along which 
occur more or less extensive masses of Coronado (juartzite, usuall}' embedded 
in 'porphyry (fig. 9 and PI. XVIII). The quartzite is here of a peculiarly 
loose and crumbling nature, often difficult to distinguish from the altered por- 
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phN'iT. It contains pyrite and sericite as products of earl}' alteration, and is 
thus equally well adapted as the porphyry for the precipitation of chalcocite. 
Very large, irregular bodies of low-grade ore have recent!}' l>een found in this 
vicinity. All along this fault line the quartzite is pyritized and sericitized; in 
the bottom of Chase Creek a tunnel has been opened on it in quest of material 
for converter lining; at this place where no chalcocite has been deposited it 
contains about one-half per cent of copper, probably a*> chalcopyrite. Masses of 
low-grade ore, com|mrable to those at Morenei, occur at Metcalf, but here the 
sulphides are mostly converted to oxysalts. 

The ore shoots of the Morenci veins are thus materiallv different from those 
usually found in gold and silver veins. Their greatest extension is horizontal 
rather than vertical, and their size depends more on conditions of circulation of 
surface waters than upon original distribution of copper in the primary veins. 
Prospecting must mther proceed laterally, guided by favorable indications, than 
seek extreme depth. 

liehifioji of chalcfKute Z(nie to water frre/, — In the published descriptions of 
chalcocite ores from other districts this secondary sulphide is always said to 
develop at or just below the water level. This clearly does not apply to the 
district here discussed, for in none of the mines has the water level thus far been 
reached. Nearlv all of the mines are, in fact, entirelv drv, both in the chalcocite 
zone and in the pyritic zone. 

Chalcocite perhaps forms at the present time in the upper levels of the belt 
occupied by this mineml where copper-sulphate solutions from oxidizing chalcocite 
above are abundant and free oxygen absent, but I doubt very much that it is 
actively forming in the lower levels of the zone. Direct oxidation has, in fact, 
already penetrated to the deepest levels attained in the pyritic zone; at present 
it works here chiefly along fissures and seams, but is probably slowly spreading. 

I regard the chalcocite zone as formed about an ancient water level, much 
higher than the present. During the epoch of the (iila conglomemte the water 
level was surely at least several hundred feet higher than it now is, and it was 
probably still higher during Tertiary time, in which a moist climate most likely 
prevailed. 

Rtlatioii of vhnh'ovitr zone to j>rii>tent surface, — The payable deposits lie, as a 
rule, at a considerable elevation underneath the hills and ridges. No large 
deposits have thus far been opened on the lower slopes of Chase Creek Canyon 
or along its bottom. The Standard and Copper Queen and the Metcalf and 
Lonirfellow mines are all al)out 7()0 to 8(M> feet above the bottom of the creek. 
Only higher up along its course, near (larfield Ciulch, a few minor deposits 
approach the level of the valley. In the canyon below Metcalf many veins have 
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been opened in the granite, but they show low values; chalcocite in many places 
is close to the surface, but the mineml shows ordinarily onl}' as a slight coating 
on the pyrite. This topographical distribution is the more remarkable when it 
is recalled that the erosion of Chase Creek Canyon probably antedates the Gila 
conglomerate, and that, therefore, oxidation would apparently have had a long 
time in which to act. It contirms the results reached above as to the great age 
of the chalcocite zone, and emphasizes the slow rate at which oxidation has 
proceeded. 

SURFACE ZONE. 

The veins rarelv show typical gossan or iron cap with an abundance of 
limonite and rich, oxidized ores. Their croppings are either entirely barren or 
contain only a modemte amount of copper, but much richer ore is ordinarily 
found just alK)ve the chalcocite zone. A brief review will indicate the conditions 
prevailing in different veins. 

At Metcalf (PI. XIX) the wide and strong King lode carries malachite, 
brochantite, and chrysocolla in very siliceous gangue from the croppings to a 
depth of 2M0 feet. The ore is of medium or low grade. No chalcocite has thus 
far })een met. In the Jameson vein, lower down on the slope toward King 
Gulch, the zone of oxidized ores is shallow and chalcocite; was found a short distance 
below the surface. In the stockwork of seams in the Metcalf mines (PI. XXII), 
situated on a high and narrow ridge between Chase Creek and King Gulch, the 
upper 80 or 40 feet are poor or barren, consisting of siliceous and sericitic 
porphyry; below this is a great mass of low-grade ore with malachite, chr\socolla, 
brochantite, cuprite, native copper, and in places a little chalcocite. At a distance 
of 170 feet below the surface cuprite and chalcocite prevail, while a short distance 
below this the pyritic zone seems to havo been reached. 

In the sericitized porphyry dikes of the Shannon mine the oxidized ores 
sometimes reach the surface, but more conunonly the surface is poor and the 
chalcocite begins some oO feet below it. 

At the Copi)er King mine, on tlie mountain of the same name, carbonate 
ores were found at the surface and descended in places to a depth of 200 feet. 
Chalcocite was found only near the surface, where tlie rock was exceptionally 
hard. Somewhat below the 300-foot level chalcocite is reported to b(» replaced b}' 
pyritic ore. 

At Morenci the Joy and Montezuma veins in limestone and shale show barren 
and ill-detined croppings. About 1(H» feet below the croppings cuprite and mala- 
chite appear, and at a depth of 2(M) to 250 feet th(» richest bodies of chalcocite, 
partly oxidized to cuprite, are found (tigs, h) and 11). In the Arizona Central and 
Williams veins the croppings contained malachite and azurite, forming ])ayable ore. 
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Lower down chaleocite appeared, but it is partly oxidized down to the greatest 
depth attained, 300 feet, and there is no sharply defined line between the two zones 
(tig. 18). 

The Fairplay vein also contained some pa^'able oxidized ore near the surface, 
but at a depth of loO feet changed into chaleocite. Croppings of poor chrysocolla 
ore mark the north-south vein at the Liverpool tunnel on the noilh side of Copper 
Mountain, and these, 180 feet lower, are repla<?ed by a vein of massive chaleocite 1 
or "2 feet wide. 

The Copper Mountain system, consisting of the Wellington, Ryerson, Hum- 
lx)ldt, and West Yankie veins, have l)arren and almost unrecognizable croppings in 
porphyry, but develop copjx^r carl)onate where cutting through limestone. The 
surface croppings show very small amounts of limonite and the pyrite is wholly 
oxidized. A short distance below the surface, however, pyrite appears, seamed and 
surrounded ))y rusty limonite and efflorescences. Veinlets of blue copj)er sulphate 
are verv common. At a depth from the surface of 100 to iiCK) feet (the latter below 
the summit of Copper Mountain) chaleocite begins to appear and the limonite ceases 
altogether. 

The chaleocite seems to be almost wholly transformed to soluble sulphate, as 
does also the pyrite. There is pi-aotically no payable ore containing malachite, 
chrysocolla, brochantite, etc. 

From the preceding it seems clear that the surface zone is not due to direct 
oxidation of the primary vein, but rather entirely to the oxidation of the chaleocite 
zone. This confirms results reached elsewhere as to the great age and gradual 
erosion of the latter zone. 

RELATION OF VEINS TO FAULllNG. 

The great faults of Morenci are certainly of more recent origin than the 
veins, for they dislocate them in manv instances; but it is not easv to determine 
the lateial or vertical throw from the position of the veins, on account of the 
difficulty of identifying the several seams and slips. In the Copper Mountain, 
Huml)oldt, and Arizona Centnil mines the faults cut across the chaleocite zone, 
but their- relation to the pyrite zone can not })e seen. In several places rich 
disseminated chaleocite ore is separated by the fault from Ixirren poiphyry, which 
bears clear evidence of surface leaching. In the Copper Mountain mine on the 
main-adit level this o<rurs in the Arizona Central vein, and the leached part is 
on the eastern or downthrown side of the Copper Mountain fault, as would have 
l)een the case if the faulting were later than the formation of the chaleocite. 
But the evidence does not in this particular case show a greater depth of the 
chaleocite ore on the eastern side, as would be expiH'ted. In the Humboldt mine 
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(fig. 17) brocciated zones are encountered, which are parallel and in all proba- 
bility contemporaneous with the great faults, and these inclose fragments of 
chaleocite ore, showing that they succeeded the chalcocitization. On the whole, 
the evidence is fairly conclusive that the faulting took place after part at least 
of the chaleocite had been formed; the latter process may have and probably 
did continue after the faulting, and the decisive evidence which the chaleocite 
zone might have given in regard to such a movement w^ould thereby have been 
blotted out. Without expressing too positive an opinion it may be pointed out 
that east of the Copper Mountain fault, the vertical throw^ of which is about 
200 feet, chaleocite ore is found on a nuich lower level than it has l)een shown 
to occupy on the west side. 

There seems to be no reason to divide the faulting movement into two or 
several epochs. As, moreover, the faulting antedates the great volcanic flows, 
and must be of rather early Tertiary age, there is great probability that the 
oxidation of the veins had begun alread}' at that date and at least a considerable 
part of the chaleocite zone had been formed. 

On imge 99 the conclusion has been reached that the oxidation of the contact- 
metamorphosed limestone had not begun at the time when the Copper Mountain 
fault was broken open. These two conclusions are not necessarily contradictory, 
for the veins would be much more easilv accessible to surface waters than the 
hard altered rocks could be. 

None of the veins connected with porphyry follow the great faults, but 
instead occup\^ an independent and older system of fissures. But as the faults 
furnished easy paths for circulating and oxidizing solutions, it is not surprising 
that bunches of oxidized ore are found in places on these fault planes. The ore 
in this case is usually cuprite. Thus smaller masses of oxidized ore have been 
found at several places along the Copper Mountain fault, as, for instance, at a 
depth of over 800 feet, and at several places above, in the Manganese Blue and 
Copper Mountain mines. On the Apache fault cuprite ore is found where it 
crosses the Lone Stiir tunnel and has })een stoped above this level. In the 
Longfellow mine bunches of cuprite ore occurred on the minor fault, which here 
dislocates the strata. In the East Yankie disseminated chaleocite ores have 
recently been found acccmipanying the great quartzite fault. 

VEINS CONNECTED WITH DIABASE. 

These are but few in number and the opportunity for their study has not 
been so good as in the case of the other deposits. Among the smaller veins 
near Garfield Gulch, the (Jarfield, Trinidad, and Brunswick are mentioned in 
the chapters of detailed descriptions. The Brunswick is a small vein in granite, 

lft«59— No. 48—05 14 
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GEOLOGICAL FEATURES. 

The veins occur in practically ail of the older rocks of the district, but are 
never found in the Tertiary eruptives, basalt, rhyolite, and andesite. At Morenci 
they cut the Cretaceous and Paleozoic strata, all more or less contact metamor- 
phosed. The best veins are contained in porphyry or are not far from the con- 
tact. At Metcalf they occur in porph\nT or granite; in the Chase Creek Canyon 
chiefl\' in granite, though usually close to porphyry dikes; at (xarfield Gulch one 
vein lies on the contact between porphyry and limestone; the Coronado vein fol- 
lows a fault fissure between quaitzite and granite, accompanied by a diabase dike; 
smaller veins, associated with diabase dikes, o<'cur at Gartield Gulch and vicinit}'. 
There are a few deposits which do not resemble the prevailing type at all, but, 
like the Hormeyer vein, contain gold and silver with lead, or, like the Black 
Lode, contain the ver}^ unusual association of chalcop\-rite, magnetite, and epidote. 
With all this diversity, practically all of these veins are closely connected with 
granite-porphyr3% quart^-monzonite-porphyry, or diabase, either cutting these rocks 
directly or following dikes of them, or at least occurring in the immediate vicinity 
of important dike systems. 

I^eaving out of consideration for the present the few deposits of abnormal 
character, the discussion will first be confined to the prevailing Morenci and Met- 
calf type, including those ore-bearing dikes and irregular zones of dissemination 
which are clearly genetically connected with the fissure veins. 

MORENCI AND METCALF TYPE. 
STRUCTURE. 

Most of the Morenci and Metcalf veins have a northeasterly strike and a 
steep northwesterly or southeasterly dip; a few between Morenci and Metcalf 
have a northerl}' strike, and a minor system of veins near Metcalf course north- 
westerly. Still, the northeasterly trend is characteristic, and this trend is also 
that of the j)orphyry stock and of practically all the pori>hyrv dikes. This is 
in marked conti-ast to the trends of the fault lines, which do not seem to follow 
any well-defined direction, and to the course of the rhyolite dikes on Copper 
King Mountain, which have a northwesterly direction. As shown on the mine 
map (PI. XVIII) there are two groups of characteristically linked lode systems 
at Morenci, both fonning flat curves, with the convex side toward the southeast, 
one chiefly in the porphyry stock near the contact and the other entirely in the 
metamorphic rocks. The length of this system is less than 2 miles. Individual 
veins are rarely traceable far, and may dip steeply either nortlnvest or southeast. 
The Copper King vein, on the mountain of the same name, is probably traceable 
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for li miles; it is the longest vein in the district. On this a vertical depth of 
6{H) feet is attained. Few of the Morenci workings penetiute more than this 
distance below the surface of Copper Mountain. The irreguhir zones of dissemi- 
nation, as at the Metcalf mines, show small fissures and veinlets running in all 
directions, })ut here also a northeasterly striking sheeting of the country rock 
prevails. Altered and ore-lwaring dikes often also show northeasterU' sheeting 
with pyrite seams parallel to the walls. 

The veins always have one or more well-defined walls, frequently well 
polished and striated. Movement has always taken pla(;e along them, though 
the dislocjitions were seldom of great magnitude. The regularity of the principal 
fissures and their conjugated character (that is, their dipping in opposite directions) 
make it exceedingly pro])able that they are due to comi)ressive stress acting in 
a general northwest-southeast direction. In this respect th(»se vein systems diflfer 
little from those of many other mining districts of the West. 

OKKS IN (JENKKAL. 

The ores consist of predominating pyrite with chalcopyrite, zinc blende, 
molybdenite, chalcocite, cuprite, and various oxysalts of copper, among which 
chrysocoUa, brochantite, and malachite are the most common. The gangue 
occurs in subordinate quantities and consists exclusively of (luartz. Experience 
has shown that each vein usuallv contains three zones in vertical distribution, as 
follows: 

Ore zoneit hi the Murervci and Metcalf t\ipe offiMfure thpositn. 

Surfacv zone 50 to 200 feet deep from the oroppings; contains oxidiztni copper min- 

eral« or is barren. 

Chalcocite zone 100 to 400 feet in vertical extent; iK>s8il)ly more in placen; contain? chal- 
cocite and pyrite. 

Pyritic zone Begins 2(K) to (KK) feet Ik»1o\v the surface; contains pyrite, chalcopyrite, 

zinc blemle, and niolylxlenite. 

It has been shown in tlu» chapt(»r on metamorphic processes that the niin- 
ei*als of the upper two zones have resulted from those of the pyritic zone by 
processes of direct and indirect oxidation: that the chalcocite is wholly derived 
from replacement of pyrite, probably by aid of cupric sulphate solutions; and 
that the surface zone has been derived from the chalcocite zone by its gradual 
and direct oxidation. It has further been empha.sized that the pyriti<* zone has 
thus far been found to be ix>or, and rarely makes connnercial copper ore; that 
the chah'ocite zone produces the richest ore, and that the richest part of it is 
near its upper limit; and, finally, that the leached zone is usually \>ooy and some- 
times i)ractically barren. 
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ALTERATION OF THE COUNTRY ROCK. 

The veins are aecomimnied by complete serieitizatioii of adjoining porphyry, 
and this alteration, especially at Morenci and Metcalf, spreads over a dis- 
tance of many hundred feet, evidently on account of the great permeability of 
the rock to solutions. Thus, at Morenci, pnu'tically the whole vein system is 
encased in rocks, which now, whenever untouched bv clialcocitization or direct 
oxidation, consist of pyrite, sericite, and (]uartz, with minor quantities of chal- 
copyrite and zinc blende. At Metcalf a large part of the porphyry shown on 
the special map is similarly altered. Detailed studies of these processes may be 
found in Chapter IV. 

In the contact-metamorphic sedimentary rocks, which were evidently much 
more impervious to solutions, the limestone is converted into tremolite or diop- 
side, with pyrite, zinc blende, and some magnetite: more rarely the process takes 
a similar course, as in porphyry, and yields sericite with hydrate magnesian 
silicates. But the intense alteration is confined to the immediate vicinity of the 
vein. 

PYRITIC ZONE. 

This part, representing the veins as they were before oxidizing processes 
had transformed them in manifold shape, is well exposed in the deeper levels of 
the Ryei'son, Montezuma, and Joy mines. In the Joy mine it begins about 300 
feet from the surface and is well exposed by the third and fourth levels. In 
the Montezuma west vein the pyrite appears 250 feet below the surface: but in 
the east vein at less than 150 feet. In the Ryei'son mine the average depth 
at which this zone begins is 400 feet (fig. 10). In a few places, especially below 
the summit of Copper Mountain, it has not yet been reached at 6(X) feet (fig. 17). 
In the Arizona Central mine it has not ^et been found at 300 feet below the 
surface (fig. 18). 

The copper values of this pyritic ore are usually low — ordinarily, in fact, 
below 1 per cent. But the explomtions of this zone have not thus far been 
extensive enough to warrant the statement that no connnercially important bodies 
will be found. It has been suggested that another oxidized zone may l>e found 
l)elow the pyritic ores, but this seems at least very unlikely. The zones of 
pyritic and sericitized porphyry surrounding the veins proper are likewise poor 
and contain as a rule only traces of copper. The metal seems to occur chiefly, 
if not wholly, in finely distributed chalcopyrite. The zinc blende is subordinate 
and thus far has not been found in commercially important quantities; the same 
applies to molybdenite. 

The pyrite occurs in bodies up to 40 feet wide; in the Joy mine it is extracted 
to supply the sulphuric-acid plant at Clifton with raw material. 
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At the Metcalf mines few lodes of noteworthy size have been found, but on 
the Wilson level, about 250 feet below the top of the hill, the veinlets and seams 
contain almost only p3'ritie material. In the King and Jameson veins, each having 
attained about 250 feet below the surface, the pyritic zone has not yet been 
encountered. The Copper King mine, on the mountain of the same name, in 
1902 showed chalcocite ore 300 feet below the surface, but has since been deep- 
ened to 800 feet, and I am informed that some payable pyritic ore has been 
found in the lower levels. At this and other mines oxidation is often apparent 
immediately along the fissure planes, while the mass of the vein is still entirely 
unaffected by it. 

The veins usually show a distinct foot wall, while the hanging wall is often less 
well defined. It is characteristic that pyrite predominates in the veins, and forms 
a sheet varying in thickness from a mere seam to 40 feet. It is massive and 
granular, but wherever quartz gangue is present a tendency to crystallization is 
shown by the pyrite. Chalcopyrite has not been found in crystallized form, and 
it is very seldom that zinc blende thus occurs. In the Fairplay vein on Copper 
Mountain, and in the small Hudson vein (Arizona Central) pyrite occurs in ill- 
defined crystals with prevailing octahedrons. In the altered porphyry, on the 
other hand, cubes prevail. Quartz, with some sericite, constitutes the onlv gangue 
mineral. The quartz occurs very sparingly and is rarely well crystallized. Sericite 
often separates the pyrite grains. The appearance of the ore and the structure of 
the vein point to replacement as the principal mode of formation. In most cases 
the massive pyrite seems to have been country rock, in which pvritization has 
been carried on to its extreme result, leaving only some quartz and sericite to 
represent the original character (Pis. XII, .1, and XIV). 

Lastly, mention should be made of an exceptional vein whicli cuts across the 
Lone Star Tunnel at Morenci. It is only 8 inches wide at most, but consists of a 
gangue of drusy, well-crystallized quartz, intergrown witli blende, pyrite, and 
chalcopyrite, the first two minerals in part crystallized. It bears distinctly the 
marks of a filled open space along a fissure, and thus ditt'ers decidedly from the 
others. The Hudson, a narrow vein in the Arizona Centml mine, is somewhat 
similar to this type. 

CHALCOCITE ZONE. 

GetuTul character and e.rtent. —In the ciialcocite zone, commercially the most 
important of the three, that mineral has largely, but rarely wholly, replaced the 
pyrite, both in the massive veins and in the zones of pyritization and sericitization 
surrounding them. It is generallv sharply separated fiom the p3'ritic zone, the 
transition from payable ore to low-grade pyrite taking place within 10 or 20 feet. 
This was repeatedly observed in the Joy, Montezuma, and Kyerson mines. The 
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chalcocite zone is always richest in its upper part and gradually grows more 
pyritic until the sudden transition jast mentioned takes place. Below this level 
evidence of chalcocitization can be found only along the fissure planes. The 
massive pvrite veins are transformed into pure chalcocite or more commonly into 
a mixture of chalcocite and pvrite, while the zinc blende is eliminated by conver- 
sion to soluble sulphate. This forms high-grade ore, with over 5 per cent in 
copper, and sometimes up to 50 per cent, while the pyritized porphyry turns into 
low-grade ores with from 2 per cent to 5 per cent of copper. To these large low- 
grade bodies the recent great development of the industry is due. 

In some mines the chalcocite ore begins almost from the surface; as, for 
instance, at the Copper King and Jameson veins, and in the insigniliomt bodies 
found near the l>ottom of Chase Creek Canyon. But at Morenci the depth from 
the surface is rarelv less than 2(K) feet. 

The depth on the vein attained by the chalcocite zone from the beginning of 
direct oxidation to the upper limit of the pyritic zone varies greatly; it is some- 
times less than 1(K) feet, as in the Joy and Montezuma veins (tigs. 10 and 11), 
while under Copper Mountain the average would be somewhat over 200 feet, 
though directly below the sunmiit it is 300 feet, and the bottom in some places 
has not yet been reached at that depth (figs. 7, 8, 14, and 17). In general, the 
upper limit would be represented by a curved surface somewhat less convex than 
the contour of the mountain. The lower limit is not so regular, but seems on 
the whole to be flatter, while great irregularities may sometimes exist (fig. 16), 
no doubt due to exceptional conditions of circulation of surface waters. In 
the Arizona Central mine partial oxidation has penetrated the chalcocite zone 
to a depth of 800 feet Ijelow the surface, probably owing to its situation under- 
neath a wide gulch. At the Metcalf mines the zone is small and not distinct, the 
chalcocite being greatly mixed with cuprite. In the Metcalf King mine it has 
not yet been reached at a depth of 200 feet. 

Ore hodieJi of the chalcocite zone. — In the Copper Mountain mines the veins, 
of which the Wellington, Kyerson, Humboldt, and West Yankie are the most 
important, cut across both porphyry and • metamorphic limestone (PI. XVIII 
and fig. 12). The great ore bodies are almost exclusively confined to the 
porphyry, and when a vein carrying chalcocite enters the sedimentary masses 
sometimes included in the porphyry, it ordinarily becomes narrow, poor, or 
barren (fig. 14). The veins themselves are rarely over a few feet wide, more 
commonU' 12 or IS inches, and consist of a massive streak of sooty chalcocite 
ore of great richness. Following this seam are sometimes very large masses of 
low-grade ore — usually soft whitish porphyry, containing disseminated grains and 
little seams, running in all directions, of chalcocite and pyrite. The stopes of 
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low-grade ore ordinarily range from a few feet up to 50 or more in width; many 
are 200 feet long and have been stoped for that vertical distance. The great 
bodv of concentrating ore between the two Humboldt walls, which dip toward 
each other, is about 300 feet long up to 2(X) feet wide, and has been stoped for 
a vertical distance of nearly 200 feet (fig. 14). 

The Humboldt foot wall (PI. XVIII) continues extremely well defined from 
the Ryerson mine into the Arizona Copper Company's properties, where it 
crosses the Wellington vein; here again very large ore bodies, in some cases up 
to 200 feet wide, are found which have been stoped over a vertical distance of 
300 feet (fig. 17). 

These bodies usualh' continue throughout the depth of the chalcocite zone, 
provided no bodies of metamorphic shale or limestone are encountered, in which 
case they immediatel}^ become impoverished. 

While the Fairplay veins, which are entirely contained in porphyry, are not 
quite so large and the rock is apt to be hard and siliceous, 4 large stopes are 
opened on them at present, the most extensive being 100 feet long, 35 feet wide, 
and at present (1903) 160 feet high. 

Some masses of low-grade ore in porphyry are less directly connected with 
separate and distinct fissures, as, for instance, the Eagle stope in the Humboldt 
mine and the stopes in the Yavapai mine. In the latter the ores seem to follow 
two porphyry dikes from 10 to 100 feet wide, which, previous to chalcocitization, 
were already converted into sericite, quartz, and p^-rite, and thus offered a 
congenial place for circulation of copper solutions (fig. 15). Here again the 
adjoining limestone, though containing disseminated chalcopyrite, proved largely 
impermeable to oxidizing solutions. These stopes in the Yavapai are considered 
to belong to the West Yankie lode and form in fact a sheeted zone with many 
pyritic seams parallel to the walls of the dike. Ore-bearing dikes of the same 
kind occur in the Shannon mine at Metcalf (PI. XXV). 

In the Arizona Central mine the Williams vein genemlly follows a porphyr\' 
dike of very varying width; most of the ore is contained in it. Farther west it 
strikes into the larger porphyry masses and the ore bodies widen correspond- 
ingly. In the Montezuma vein the chalcocite zone is less developed; most of it 
seems to have been oxidized. But here too the vein partly followed a dike of 
porphyry, and the mixture of cuprite and chalcocite which formed the ore was 
l>est and largest wherever the porphyrv widened out (PI. XVIII and fig. 18). 

In the East Yankie mine a great east-west fault is encountered, along which 
occur more or less extensive masses of Coronado quartzite, usually embedded 
in * porphyry (tig. d and PI. XVIII). The quartzite is here of a peculiarly 
loose and crumbling nature, often difficult to distinguish from the altered por- 
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phyrv. It contains p^-rite and sericit^ as products of early alteration, and is 
thus equally well adapted as the porphyry for the precipitation of chalcocite. 
Very large, irregular f)odies of low-grade ore have recently l)een found in this 
vicinity. All along this fault line the quartzite is pyritized and sericitized; in 
the bottom of Chase Creek a tunnel has been opened on it in quest of material 
for converter lining; at this place where no chalcocite has been deposited it 
contains about one-haK per cent of copper, probably a« chalcopj-rite. Masses of 
low-grade ore, comparable to those at Morenci, occur at Metcalf, but here the 
sulphides are mostly converted to oxysalts. 

The ore shoots of the Morenci veins are thus materiallv different from those 
usuall}' found in gold and silver veins. Their greatest extension is horizontal 
rather than vertical, and their size depends more on conditions of circulation of 
surface waters than upon original distribution of copper in the primary veins. 
Prospecting must i-ather proceed laterally, guided by favorable indications, than 
seek extreme depth. 

Relathm of chiU'itciU z(me to water /(re/, — In the published descriptions of 
chalcocite ores from other districts this secondary sulphide is always said to 
develop at or just Ijelow the water level. This clearly does not appl}^ to the 
district here discussed, for in none of the mines has the water level thus far been 
reached. Nearlv all of the mines are, in fact, entirclv drv, both in the chalcocite 
zone and in the p3 ritic zone. 

Chalcocite perhaps forms at the present time in the upper levels of the belt 
occupied by this mineral where copper-sulphate solutions from oxidizing chalcocite 
above are abundant and free oxygen absent, but I doubt ver}' much that it is 
actively forming in the lower levels of the zone. Direct oxidation has, in fact, 
already penetrated to the deepest levels attained in the pyritic zone; at present 
it works here chietl\' along fissures and seams, but is probably slowly spreading. 

I regard the chalcocite zone as formed about an ancient water level, much 
higher than the present. During the epoch of the (iila conglomerate the water 
level was surely at least several hundred feet higher than it now is, and it was 
probably still higher during Tertiary time, in which a moist climate most likely 
prevailed. 

lit lotion (pf rhidcovftr zone to present Hnrface, — The payable deposits lie, as a 
rule, at a considerable elevation underneath the hills and ridges. No large 
deposits have thus far been opened on the lower slopes of Chase Creek Can^'on 
or along its bottom. The Stjindard and Copper Queen and the Metcalf and 
Longfellow mines are all about 70() to }S(M» feet above the bottom of the creek. 
Only higher up along its course, near Garfield (xulch, a few minor deposits 
ai)pr()ach the level of the valley. In the canyon below Metcalf many veins have 
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been opened in the granite, but they show low vahies; chalcoi'ite in many places 
is close to the surface, but the mineml shows ordinarily onl}^ as a slight coating 
on the pyrite. This topographical distribution is the more remarkable when it 
is recalled that the erosion of iChase Creek Canyon probably antedates the Gila 
conglomerate, and that, therefore, oxidation would apparently have had a long 
time in which to act. It confirms the results reached above as to the great age 
of the chalcocite zone, and emphasizes the slow rate at which oxidation has 
proceeded. 

SURFACE ZONK. 

The veins rarely show typical gossan or iron cap with an abundance of 
limonite and rich, oxidized ores. Their croppings are either entirely barren or 
contain only a moderate amount of copper, but much richer ore is ordinarily 
found just al>ove the chalcocite zone. A brief review will indicate the conditions 
prevailing in ditferent veins. 

At Metcalf (PI. XIX) the wide and strong King lode carries malac^hite, 
brochantite, and chrysocolia in very siliceous gangue from the croppings to a 
depth of 200 feet. The ore is of medium or low grade. No chalcocite has thus 
far been met. In the Jameson vein, lower down on the slope tow^ard King 
Gulch, the zone of oxidized ores is shallow and chalcocite was found a short distance 
below the surface. In the stockwork of seams in the Metcalf mines (PI. XXII), 
situated on a high and narrow ridge })etween Chase Creek and King Gulch, the 
upper 80 or 4o feet are poor or barren, consisting of siliceous and sericitic 
porphyry; below this is a great mass of low-grade ore with malachite, chrysocolia, 
brochantite, cuprite, native copp<^r, and in places a little chalcocite. At a distance 
of 170 feet l>elow the surface cui)rite and chalco<'ite prevail, while a short distance 
below this the pyiitic zone seems to have* been reached. 

In the sericitized porphyry dikes of the Shannon mine the oxidized ores 
sometimes reach the surface, but more connnonly the surface is ])oor and the 
chalcocite begins some r)0 feet below it. 

At the Copper King mine, on the mountain of the same name, carbonate 
ores wen* found at the surface and descended in iJaces to a depth of 200 feet. 
Chalcocite was found only near the surface, where the rock was exceptionally 
hard. Somewhat below the ^OO-foot level chalcocite is rejK)rted to be replaced b}^ 
pyritic ore. 

At Morenci the Jov and Montezuma veins in limestone and shale show barren 
and ill-detined croppings. About ion feet below the croppings cuprite and mala- 
chite appear, and jit a depth of 20o to 250 feet th<» richest bodies of chalcocite, 
partly oxidized to cuprite, are found (figs, lo and 11). In the Arizona Central and 
Williams veins the croppings contained malachite and azurite, forming payable ore. 



208 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

Lower down chalcocite appeared, but it h parth' oxidized down to the greatest 
depth attained, 300 feet, and there is no sharply defined line between the two zones 
(tig. 18). 

The Fairplay vein also contained some payable oxidized ore near the surfac'e, 
but at a depth of KH) feet changed into chalcocite. Croppings of poor chrysocolla 
ore mark the north-south vein at the Liverpool tunnel on the north side of Copper 
Mountain, and these, 180 feet lower, are replaced by a vein of massive chalcocite 1 
or 2 feet wide. 

The Copper Mountain system, consisting of the Wellington, Ryerson, Hum- 
l)oldt, and West Yankie veins, have barren and almost unrecognizable croppings in 
porphyr}', but develop copi>er carl)onate where cutting through limestone. The 
surface croppings show very small amounts of limonite and the pyrite is wholly 
oxidized. A short distance F>elow the surface, however, pyrite appears, seamed and 
surrounded by rusty limonite and efflorescences. Veinlets of blue copi)er sulphate 
are very common. At a depth from the surface of 100 to 20() feet (the latter below 
the summit of Chopper Mountain) chalcocite begins to appear and the limonite ceases 
altogether. 

The chalcocite seems to be almost wholly transformed to soluble sulphate, as 
does also the pyrite. There is practically no payable ore containing malachite, 
chrysocolla, brochantite, etc. 

From the preceding it seems clear that the surface zone is not due to direct 
oxidation of the primary vein, but rather entirely to the oxidation of the chalcocite 
zone. This confirms results reached elsewhere as to the great age and gradual 
erosion of the latter zone. 

RELATION OF VEINS TO FAUI-nNO. 

The great faults of Morenci are certainly of more recent origin than the 
veins, for they dislocate them in manv instances: but it is not easv to determine 
the lateral or vertical throw from the position of the veins, on account of the 
difficulty of identifying the several seams and slips. In the Copper Mountain, 
Humboldt, and Arizona Central mines the faults cut across the chalcocite zone, 
but their relation to the pyrite zone can not be seen. In several places rich 
disseminated chalcocite ore is separated by the fault from barren porphyry, which 
bears clear evidence of surface leaching. In the Copper Mountain mine on the 
main-adit level this occurs in the Arizona Central vein, and the leached part is 
on the eastern or downthrown side of the Copper Mountain fault, as would have 
l)een tlie case if the faulting were later than the formation of the chalcocite. 
But the (»videnc<» does not in this paiticular case show a greater depth of the 
chalcocite ore on the eastern side, as would be expected. In the Humboldt mine 
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(fig. 17) brecciated zones are encountered, which are parallel and in all proba- 
bility contemporaneous with the ^reat faults, and these inclose fragments of 
chalcocite ore, showing that they succeeded the chalcocitization. On the whole, 
the evidence is fairly conclusive that the faulting took place after part at least 
of the chalcocite had been formed; the latter process may have and probably 
did continue after the faulting, and the decisive evidence which the chalcocite 
zone might have given in regard to such a movement would thereby have been 
blotted out. Without expressing too positive an opinion it may be pointed out 
that east of the Copper Mountain fault, the vertical throw of which is about 
200 feet, chalcocite ore is found on a much lower level than it has been shown 
to occupy on the west side. 

There seems to be no reason to divide the faulting movement into two or 
several epochs. As, moreover, the faulting antedates the great volcanic flows, 
and must be of rather earh' Tertiar}- age, there is great probability that the 
oxidation of the veins had begun already at that date and at least a (considerable 
part of the chalcocite zone had been formed. 

On page 99 the conclusion has been reached that the oxidation of the contact- 
metamorphosed limestone had not begun at the time when the Copper Mountain 
fault was broken open. These two conclusions are not necessarily contradictory, 
for the veins would be much more easilv accessible to surface waters than the 
hard altered rocks could be. 

None of the veins connected with porphyry follow the great faults, but 
instead occupy an independent and older system of fissures. But as the faults 
furnished easy paths for circulating and oxidizing solutions, it is not surprising 
that bunches of oxidized ore are found in places on these fault planes. The ore 
in this case is usually cuprite. Thus smaller masses of oxidized ore have been 
found at several places along the Copper Mountain fault, as, for instance, at a 
depth of over I^(K) feet, and at several places above, in the Manganese Blue and 
Copper Mountain mines. On the Apache fault cuprite ore is found where it 
crosses the Lone Star tumiel and has been stoped above this level. In the 
Longfellow mine bunches of cuprite ore occurred on the minor fault, which here 
dislocates the strata. In the East Yankie disseminated chalcocite ores have 
recently been found accompanying the great quartzite fault. 

VEINS CONNECTED WITH DIABASE. 

These are but few in number and the opportunity for their study has not 
been so good as in the case of the other deposits. Among the smaller veins 
near Garfield (julch, the Garfield, Trinidad, and Biunswick are mentioned in 
the chapters of detailed descriptions. The Brunswick is a small vein in granite, 
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following a narrow diabase dike, but has shipped a considerable auiount of ore. 
Above the lower tunnel, which is situated but little higher than the bottom of 
Chase Creek, the ore consists of about 25 per cent chalcocite and 75 per cent 
oxidized material, mainly malachite. A winze, below tunnel level, is said to 
have exposed good chalcocite ore, intergrown with pj'rite. 

The most important deposit of this class is the Coronado lode, which follows 
an important fault fissure, with the probable vertical throw of 1,200 feet, between 
quartzite and granite. A diabase dike follows this fissure in places and shows a 
width varying from a few feet up to 70 feet. The disturbed zone of the fault 
is usually wide, often reaching 60 feet. At the Horse Shoe shaft the lode is 
fully 200 feet wide, consisting of altered granite and contact breccia (fig. 19). 
It is traceable for nearly 2 miles from the east side of the ridge down to the 
Eagle Creek foothills, where it disappears underneath the basalt. 

The ores of the Coronado mine do not occur as filling in open fissures. A 
sericitic alteration accompanied by quartz cementation has taken place in the 
friction breccia, diabase, and crushed material along this great fault; malachite 
and chrysocolla, the latter especially abundant, occur in this as seams, usually 
replacing the rock, associated with quartz and kaolin as the last product of 
oxidizing action. In the main workings this oxidized ore is underlain by chal- 
coi'ite ore of secondary origin, which occupies a vertical distance of 200 or 300 
feet, the upper limit being about 300 feet below the surface. In places, 
however, the chalcocite reached the surface. Below this, pyritic ores will 
probably prevail, though along a fissure of this size it would not be surprising 
to find that the chalcocite in some places had descended still farther. Thorough 
exploration in the last two years has proved chalcocite ore bodies of promising 
extent on the deepest level underneath the western slope and about 500 feet 
below the top of the ridge. 

In ores and character of mineralization the Coronado lode is thus very 
similar to the veins connected with poiphyry, but the fact of its occupying one 
of the fault fissures, which elsewhere are later than the mineral veins, points to 
a more recent vein-forming period, most likely genetically connected with the 
intrusion of the diabase dikes. 

OTHER VEINS. 

Finally mention should be made of a number of deposits which differ more 
or less from the types already described. Among these is the Mammoth vein in 
Garfield Gulch, situated on a contact fissure between limestone and porphyry and 
carrying chrysocolla only in kaolin gangue. No sulphides have been found. No 
ore is reported to have been found below tunnel level, and it is possible that no 
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primary vein ever existed here, but that the chrysocolla has been formed by 
descending copper solutions migrating from elsewhere during the epoch of oxidation 
and precipitated b}^ adsorption of the kaolin. 

The Black lode on Markeen and Copper King mountains is another peculiar 
type of fissure vein which for 2 miles follows dikes of granite porphyry and 
diabase, evidenth^ occupying the same dike fissure. The ore is low grade and 
has not thus far been found to be payable; it consists of pyrite, chalcopyrite, 
epidote, and magnetite, a most unusual combination in a fissure vein. Little 
opportunity was afforded for its study. Native copper appears near the surface, 
but so do also the minerals mentioned above. 

AURIFEROUS VEINS. 

Gold and silver are pmctically absent in the Morenci ores. The bessemer 
copper, in which these metals would naturalU' appear greatly concentrated, con- 
tains only a few ounces of silver and a small fraction of an ounce of gold per 
ton, not enough to pay for separation. A number of samples of pyrite ores and 
chalcocite ores from veins at Morenci as well as contact-metamorphic sulphide 
ores from the same place were assayed for gold and silver. Traces of both were 
uniformly found, but in only one case was there obtained a weighable amount of 
gold (80 cents per ton). No concentration of gold or silver ha.s taken place during 
chalcocitization or oxidation. The Metcalf ores are reported to contain slightly 
more gold than those at Morenci, and in the outlying districts depositi^ of the 
same general character and age contain less copper and more gold. 

Among these are first to be mentioned the Gold Gulch veins, which have 
been worked intermittently and on a small scale for many years. Little opportunity 
was afforded for their study; they form generally narrow and irregular oxidized 
veins which probably belong to the same age as the veins of Morenci. In the 
oxidized ore the gold is free and the surface ores have been worked in many 
old arrastres. Lower down, if the veins remain payable, the gold will probably 
not be free. 

Several minor ore deposits of a character very different from those at the 
principal mines occur on the limestone ridge extending southeasterly between 
Chase Creek and Morenci Canyon. Many of these small prospects are irregular 
bunches, apparently replacements in limestone containing comb quartz, limonite, 
calcite, galena, lead carbonates, a little copper, and native gold. On the trail 
along the Chase Creek slope from Longfellow incline to the Hormeyer mine, 
about halfway between these two points, the Cambrian quartzite is faulted by a 
fissure plane striking northwesterl}^ and the northeastern block has dropped 
about 150 feet. A sill of porphyry overlies the quartzite, separating it from the 
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limestone. Prospect.s have l>een opened along this fault both at the horizon of 
the porphyn' and below it. The ore is rusty and decomposed, showing some 
partly decom[X)sed pyrite. 

The Hornieyer mine is the most important of these deposits. It is located 
in the limestone overlying the quartzite 1 mile east-southeast fi*om the Detroit 
Copper Company's store at Morenci. It has l)een worked at inter>'als during- the 
last few years, and the developments consist chiefly of two levels or tunnels. 
The total product is believed to have l)een ^0,000, chiefly in gold. The crop- 
pings are situated at an elevation of 4,76n feet, the top of the Coronado quartzite 
appearing 100 feet below, on the Chase Creek slope. The deposit is a fissure 
vein following a porphyry dike, this dike being an oflfshoot from the main sill 
of porphyry which so persistently follows the contact of quartzite and limestone 
in this vicinity. The strike of the vein is northeasterly. The croppings consist 
of cellular quartz stained yellow by lead oxide. The ore contains a little copper, 
a great amount of lead carbonate, and native "gold. The lowest tunnel, located 
at an elevation of 4,50<J feet, is run along a porph^-ry dike 6 feet wide, which 
probably is a continuation of the one noted at the upper tunnel. No ore has thus 
far lieen found in the lower level. 

1 The ores of Copper King mine contain from $1 to $4 per ton in gold. 
.J^folthea.st of Copjwr Mountain the same vein system continues in granite, usually 
following porph} ry dikes, but here carries less copper and considerably more 
gold. The croppings ^ield light gold in the pan, and, in tunnels 50 to 100 feet 
below, sulphide ore is found in manv places, consisting of auriferous pyrite, 
chalcopyrite, zinc blende, and galena. The value of these veins is as yet prob- 
lematical. 

(;<>L1>-BKARIX(; GRAVEIiH. 

The gravels lying in front of the hills of older rocks at Morenci and Clifton 
are auriferous in places. Placers of some value were worked in (xold Gulch, 
but are now exhausted. An unsuccessful attempt was made some years ago to 
mine, by the hydmulic method, the bench gravels of San Francisco River, which 
doubtless derived their gold from the veins northeast of Copper Mountain. The 
Gila conglomerate south of Morenci contains a little fine gold, which is concen- 
trated in shallow gullies. Payable placers have not been found. 

(OXDITIONS OF GROi:XI> WATER. 

Permanent water has not thus far been encountered in anv of the mines in 
the whole district with which this report deals. 

Morenci is situated on hills from soo to 1,600 feet alx)ve the principal 
streams — Chase Creek and Eagle Creek— and the deepest workings in no place 
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reach farther than 600 feet below the surface. A little seepage from the sur- 
face takes place in ease of heavy rains or from the local water supply, and 
some drifts and crosscuts underneath the town are somewhat damp, especially 
in the Manganese Blue and Arizona Central mines. 

The mines at Metcalf are situated on the high Shannon Mountain from 500 
to 1,200 feet above Chase Creek, and here, too, the workings are dry, except in 
one place in the Shirley tunnel (p. 318), where a winze struck some standing 
water. The few shafts and prospects sunk in the bottom of Chase Creek are 
the only places containing permanent water. The Copper King mine, situated a 
few hundred feet below the summit of the mountain of the same name, has a 
shaft 600 feet deep. In this some crevices with water were found, but soon 
drained out and no more has come in. 

The present stand of the water level, except along the creeks, is practically 
unknown. It will probably rise as a slighth^ <*urved surface from the creek 
levels in toward the high hills. The total amount of water stored l)elow this 
water level is probably small. 

DEPTH OF OXIDIZED ZONE. 

The presence of products of direct or indirect oxidation shows the depth to 
which the oxidizing waters or the sulphate solutions have penetrated. In dis- 
cussing this subject it is necessary to separate the porphyry and the metamor- 
phosed limestones, as they act very differently. In that part of Copper Mountain 
which has been explored, the average depth of the lower limit of the chalcocite* 
zone is 400 feet, but it increases in places to 500 or even 600 feet. To this 
depth from the surface the oxidizing solutions descended, and along important 
fissures they have gone somewhat deeper. But the solutions not only followed 
fissures but penetmted the porous sericitized porphyry with considenible ease. 
On the other hand the altered limestones and shales are very compact, non- 
porous, and impervious. Where circulation w^as facilitated by tisvSures, as in the 
Manganese Blue and Joy mines, the rocks may be partly oxidized to a depth 
of 400 feet, but this is generally a maximum. There is no well-defined plane 
expressing the depth of oxidation, which on the contrary proceeds extremely 
capriciously, entirely fresh sulphides being frequently found very close to the 
surface. 

FliUID INCL.i:SION8. 

Fluid inclusions have been observed in the quartz grains of the granite, the 
quartzite, the porphyry, and the vein quartz occurring in this district. There is 
nothing uncommon in this; it is indeed the ordinary condition of affairs. As 
these fluid inclusions beyond doubt contain aqueous solutions, it may be regarded 
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as certain that such fluids were present when the quartz grains in question were 
formed. Attention may )>e called, however, to certain phenomena in these 
inclusions which have not been described previousl}-, and which are believed to 
be of more frequent occurrence than has been suspected. 

INCLUSIONS IN GRANITE. 

Inclusions filled with a fluid and a bubble of some gas occur abundantly in 
the quartz grains of all of the granites examined. They are rare, though not 
unknown, in the feldspars. The form is round or elliptical, or may be that of 
a negative quartz ciTstal with prism and pvramid. The size averages about 
0.02 mm. The relation of volume between fluid and })ubble varies considerably 
among inclusions in the same grain. In the smaller inclusions the bubble fre- 
quently is in active motion. Heated to 40- or 50" C. there is no perceptible 
change in volume of liquid or bubble, and consequently it ma}^ be considered 
certain that the fluid is not liquid carbon dioxide, which has sometimes been 
observed in the granites, but chiefly water. In some, but by no means all, of 
the inclusions there is also a solid bodv contained in the fluid; in some cases 
this is a transparent cube, in others and more commonly it is an irregular grain 
or a rod of similar material. This also has occasionally been observed and 
described in granites from other districts. 

INCLUSIONS IN QUARTZITE. 

The grains of the Coronado quartzites being derived from the pre-Cambrian 
granites, it is only natural that similar inclusions should be found in them. The 
grains in the quartzite from the East Yankie mine at Morenci show them beau- 
tifully, many containing grains or imperfect cubes of a transparent material. 
Entirely similar inclusions are contained in the quartzite from the foot of the 
Longfellow incline. Though this quartzite carries secondary pyrite, it is very 
evident that the inclusions have nothing to do with this later introduction. 

INCLUSIONS IN METAMORPHIC LIMESTONES. 

The metamorphism of the limestone to garnet, epidote, diopside, quartz, and 
other minerals took place under conditions of high temperature and pressure, and 
almost certainl}^ in the presence of aqueous solutions in fluid or gaseous form. It is 
a curious fact that these minerals onh' very exceptionally' contain fluid inclusions. 
The quartz grains formed seem entirely homogeneous and free from these interposi- 
tions. Onh' one or two very small inclusions with moving bubble were noted. The 
same applies to the garnet and other heavy minerals. The calcite would hardly be 
expected to preserve an}- such inclusions on account of its perfect cleavage. 
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INCLUSIONS IN PORPHYRY. 

The inclusions in the porph^'iy are again practically confined to the quartz 
grains contained in it. They occur chiefl}' in the phenocrysts, but also in the 
quartz of the groundmass, where the}^ are usually very small. Naturally the 
diorite-porphyries are poor in inclusions, but they appear abundantl}^ in the 
granite-porph3^ries and the quartz-monzonite-porphyries, with which the ore 
deposits are chiefly connected. They are found throughout the Metcalf granite- 
poi'phyry, which is characterized by large bip^ramidal quartz phenocrysts, and 
they are almost equally common in the smaller quartz crystals of the Copper 
Mountain porphyry of Morenci. The sericitization of the porphyry affects them 
but little, for the quartz grains of the porphyries are very rareh^ altered by 
this process. In specimens taken from the oxidized zone near the surface many 
of the inclusions are empty, probably due to the cracking of the grains and 
attending expulsion of the highly compressed fluid. 

The peculiar feature of these fluid inclusions is that they contain as a rule, 
besides the gas bubble, an extremely sharply defined cube of transparent 
material and a smaller opaque particle. The very frequent recurrence of this 
association is a proof that these bodies are not accidental inclusions, but were 
present, dissolved in the fluid, at the time the quartz crystallized and imprisoned 
the drop of solution. 

The inclusions are elliptical, irregularly rounded, or show the form of their 
host — that is, a hexagonal pxramid with short prism. Their size ranges from 
those barely visible up to 0.02 mm. in diameter; this is about the maximum. 
A frequently recurring size is 0.012 mm. Their distribution in the phenocrysts 
is irregular; they are not ranged along any given plane or surface. Moving 
bubbles are often noted in the smaller inclusions. Heating to 40^ and up to 80° 
does not noticeably affect the relation of fluid cube and gas; they do not therefore 
consist of carbon dioxide, but of some aqueous solution. The proportion of 
volume between bubble and inclusion is not constant: many of them contain 
large gas bubbles and others quite small ones. To some extent this may be 
explained by leaking, but comparison of a great number in very fresh rocks 
makes it certain that there is consideiiible variation in this proportion. The 
fluid is colorless. 

The cube of transparent salt is veiT sharply defined and well developed. In 
polarized light it appears isotropic. Its size varies but is usually of about the 
same volume as the bubble, and occupies from 4 per cent to 15 per cent of the 
volume of the inclusion. Such cubes have been sometimes observed before, 
especially in inclusions contained in quartz crystals, and in a few cases have been 
proved to consist of sodium chloride. They have also been noted in quartz 
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arranjfe^l or in place?* following certain planes in the grains. The quartz grains 
often ?-how cn'stallographic outlines, and are occasionally speared by smaller 
quartz prisnx''. There are also a tew large irregular grains of pyrite. Though 
-!onie of the in<'lusion> are irregular the majority have rounded outlines, more 
i^ldorn hipynimidal. The size ranges up to <».0l2 mm. The relation of bubble 
and f-avity i> not constant: man\' inclusions are empty, no doubt due to leaking, 
for the quartz is r-finsiderably crushed. So change is apparent upon heating the 
slidf to 40 . and even to N> . The inclusion almost alwavs contains solid bodies. 
Cu^¥•?^. so abundant in the porphyries, are of rare occurrence and seldom well 
develofXKl. Most frequent are trans|)arent adhesions to the wall, rod-like masses, 
pyramidal crystals, or irregular grains. None seem to act on polarized light, 
possibly on arcount of their minute size. In most cases the inclusions also 
contain one or two minute opaque l>odies, which can not be further determined. 
In a few inclusions the solid material is so abundant as to cause the bubble to 
ar^Hume a long-drawn form. 

Entirely similar inclasions are found in the quartz of the Humboldt vein^ 
occurring as branching veinlets in poi'phyrv'. 

The granite along Chase Creek, half a mile above the foot of the Longfellow 
incline, contains many quartz veins with pyrite, chalcocite. and molybdenite. 
The (juartz contains fluid inclusions, though many of the cavities are empty. 
Most of the inclusions contain some solid material: a few of these are imperfect 
cul)es; most common are transparent adhesions to the walls, while many also 
contain opaque Inxlies. 

These observations indicate that the quartz in the fissure veins was formed 
in the presence of aqueous solutions of prolmbly several salts. The cubes, so 
prominent in the inclusions of the quartz phenocryst in poi^phyry and in some 
of the veinlets occurring throughout the altered area in the same rock, appear 
to l>e less uniformly pres<mt in the quartz of the regular fissure veins. The 
solutions depf)siting quartz nuist have been very hot, for they contained a much 
larger quantity of salts than can l)e dissolved at ordinary temperature. The 
o[>aque fK)dies indicate that heavy metals in some combination were also present 
in the waters. 

The* (|uartz veinlets connected with the proi'esses of formation of chalcocite 
and of copp(»r carbonates contain only few and small inclusions, in which thus 
far nothing but the fluid and the bubble have been observed. 

GKXKSI8 OF THE COPPER DEPOSITS. 

Though the conclusions in regard to the origin of the copper deposits are 
either clearly stated or implied in preceding chapters, it may be advisable to 
again present these results in compact form. 
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It havS been shown that the intrusions of stocks and dikes of granite-por- 
phyry and quartz-monzonite-porphyry, which took place in late Cretaceous or 
early Tertiary time, produced an important contact metamorphism in the Paleo- 
zoic shales and limestones that happened to adjoin them. This metamorphism 
resulted in metasomatic development of garnet, epidote, diopside, and other 
silicates, accompanied by pyrite, magnetite, chaicop3M'ite, and zinc blende. The 
sulphides are not later introductions, but contempomneous with the other contact 
minerals. 

The contact zone received very substantial additions of oxides of iron, silica, 
sulphur, copper, and zinc, enough to form good-sized deposits of pure magnetite 
and low-grade deposits of chalcopyrite and zinc blende, all of which are entirely 
unknown in the sedimentiiry series away from the porphyr}'. 

In view of the evidence, I consider it im{X)ssible that circulating atmospheric 
waters should have effected these changes. The occurrences of metamorphosed rocks 
are manifold and found under many varying conditions; there is only one common 
factor and that is the presence of the porphyry. It is shown that the porphyry 
magma contained nuich water which held dissolved various salts, among them 
some of the heavy metals. Sodic chloride and ferric oxide probably predominated. 
I believe that the ' magma contained all of the substances mentioned above, and 
that large quantities of this gaseous solution (for the critical temperature must 
have been exceeded) dissolved in the magma were suddenly released b\' diminu- 
tion of pressure as the magma reached higher levels and forced through the 
adjoining sedimentary beds, the purest and most granular limestones suffering the 
most far-reaching alteration and receiving the greatest additions of substance. It 
is thus held that a direct transfer of material from cooling magma to adjacent 
sediments took place. The formation of garnet indicates large gains of ferric 
oxide and silica. If the magmatic waters carried iron only as ferric oxide some of 
it must have been reduced to magnetite during the metamorphism, for the latter 
mineral is much more common than the specularite. These contact-metamorphic 
deposits sometimes occur at the immediate contact of the main porphvry stock 
and the limestones. But more conimonlv thev seem to be connected with dikes 
of the same porphyry close to tlie principal mass, these dikes being probably 
more highly charged with magmatic waters. 

It is shown that fissures and extensive shattering developed both in porphyry 
and altered sediments after the congealing of the magma a; id that these fissures 
and seams were cemented by quartz, pyrite, chalcopyrite, and zinc ))lende, form- 
ing normal veins largely of the type of replacement veins. The amount of 
copper contained in these is usually small, though in places possibly large 
enough to form pay ore. The bulk of the veins consists of pyrite. Two classes 
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of veins may be distinguished. The usual type is practically always connected 
with the granite-porphyry or quartz-monzonite-porphyry; it occurs in these rocks 
or along dikes of the same. The smaller division consists of veins connectexl in 
their occurrence with diabase dikes. The genesis of the former type will first be 
discussed. 

As far as the metallic minerals are concerned, thei'e is a striking similarity 
between the veins connected with porphvry and the contact-metamorphic deposits, 
the only difference being in the magnetite, which does not occur in the veins 
proper and only subordinately in certain of the altered wall rocks. A relation- 
ship is also clearly seen in the remarkable action of the vein solutions on the 
adjoining wall rock wherever this is limestone, tremolite and diopside being formed 
in it by metasomatic action. On the whole, iron and silica are the main sub- 
stances added during contact metamorphism as well as during the vein formation. 

A study of the fluid inclusions in the vein quartz proves conclusively that the 
veins were formed in the presence of aqueous solutions and that these solutions 
were at a high temperature, for they contained various salts — in part those of heavy 
metals, probably iron, which were separated during the cooling of the crystal- 
lized (juartz. This entirely eliminates the possibility of deposition by cold surface 
waters and points to two or three eventualities: Deposition by atmospheric waters 
heated by contact with the cooling porphyry, or deposition b}' ascending mag- 
matic waters, or, finally, deposition by a mixture of both. In any case the 
metiils must be derived from the porphyry or from deep-seated sources below 
the porphj^ry, for, as stated above, the presence of porphyry is the only common 
factor in all occurrences. It is clear that a positive solution of these questions 
must be most diflicult, but here again the fluid inclusions offer the onU^ direct 
evidence. In the quartz seams penetrating the granite near the porphyry contact 
at Metcalf inclusions were found which are indistinguishable from those charac- 
teristic of the quartz phenocrysts in the porphyry, and it must be concluded that 
the same highly heated and highly charged solutions were active in both cases. 
This directly connects some of the quartz cementing fmctures in porph\'ry with 
magmatic water and \vould appear to be evidence of considerable imjwrtance. 
The vein quartz of Morenci contains inclusions which, in some cases, are identical 
with those in the porphyry and in other cases slightly different from them, but 
always indicate highlv heated solutions. The metasomatic action of the waters 
proves them to have been rich in silica and various salt«, among which were 
some of the heavy metals, but entirely deficient in carbon dioxide. Considering 
this evidence, together with the similarity of the products of these processes with 
those of contact metamoiphism, I think it certain that part of the mineral solu- 
tions were directly derived from and formed part of the porphyry magma, and 
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Lave Jm^ij formed fiartly by direct oxidation of ?«ulphidet» and partly by the 
influence of sulphate Milution.*? derived from the wideh' di^iseminated chalcopyrite 
due to contact metamorfihi^m: a g^reat enrichment has taken place* due to decrease 
of volume and addition of copi^er from the circulating sulphate solutions. Some 
of the oxidized deposits in 4iale may. however, be wholly due to adsorption 
ex*rt/ed by the ka^ilin in the .-'hale on these sulphate solutions. 

In the veins, especially in thosf* which traverse the porphyry stock or follow 
I>orphyry dikes, the history is more cijmpllcated. It has been shown that oxida- 
tion dates liack to Tertiarv time and that the water level then was considerablv 
higher than it is at the present time. By the action of descending sulphate solu- 
tions on pyrite, clialcoi'ite wa.« dejxisited very extensivel}' and V^ery likely the jrreat 
vertical extent of the clialccx^ite zone, ordinarily from 2<H) to 5<m> feet, is due to 
slow and gradual changes in the water level. Disintegration and erosion removed 
the iron cap (the products of direct oxidation of the primary vein) and began to 
oxidize the exposed chalc<x;ite zone. In practically all of the veins the surface 
yjme of fKK>r ore is due to the direct oxidation of chalcocite. The solutions from 
this part descend and add richness to the upper part of the remaining chalcocite 
z^)ne. But at the present low stand of the water level and in the exceedingly dry 
climate the lower limit of the chalcocite zone is probably stationary. Considering 
that the surface zone has been formed by oxidation of chalcocite, the total depth 
of the chal(!Ocite zone was about IW feet greater than indicated above, and even 
this is a mininmm, becaus(5 a certain amount has been removed by erosion. 

The copper deposits of Clifton and Morenci are thus believed to have l^een 
formed primarily by mineml-laden magmatic waters, partly acting as gas and 
partly as liquids, and in both cases derived from a magma of granite-porphyry. 
These solutions were evfdently directly released from the magma without a pre- 
liminary concentration in pegmatitic or aplitic dikes, which indeed do not occur 
in this district in as80(*iation with the porphyr}-. It is perhaps superfluous to 
emphasize that these conclusions are meant to apply only to this district, and 
that the mode of origin deduced for the Clifton-Morenci deposits is not neces- 
sarily that of all other ore bodies. 

The earlier processes of magmatic origin produced low-grade deposits of pyritic 
ores, and the final concentration to payable ore bodies has chiefly been effected 
by descending and oxidizing surface waters of atmospheric origin. 

The following scheme of genetic classification of the deposits is presented: 

I. Firnt epocli: Formed during the conHolidation of porphyry by ascending and laterally moving 
water gas. 
(a) Coiitad-metamorphic depositj*. — Irregular or tabular disseminations in shale or lime- 
stone, sometimes following stratification planes or dike contacts. The ores consist of 
pyrite, chalcopyrite, zinc blende, and magnetite, and are generally not payable. 
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11. Second epoch: Formed shortly after the consolidation of the porphyry by ascending hot mag- 
matic waters; contained in porphyry, in granite, or in more or less contact-metamor- 
phosed sedimentary rocks. 

(a) Fissure reins. — Ix)de systems or single veins. Central seams of pyrite, chalcopyrite, 
and zinc blende, accompanied in porj)hyry by wide zones of sericitization and 
pyritization, and generally not payable. 

(b) Stockwerks and irregular diMeniinations. — Same occurrence and character of mineraliza- 
tion; not payable. 

III. Third epoch: Fissure veins formed by ascending waters shortly after the intrusion of diabase. 

IV. Fourth epoch: Formed by descending atmospheric waters acting on Classes I, II, and III. 

(a) Concentrations hi/ direct oxidation and secondary chalcocite deposition in Type I; payable. 

(b) Concentrations by direct oxidation and secondary clialcocite dejwsition in J)fpe Ily a; j>ayable. 

(c) Concentrations by direct oxidation and secondary chalcocite deposition in Type II, h; payable. 

(d) Deposits caused by sulphate waters along otheruise barren fault planes; occasionally 
payable. 

(e) Deposits caused by sulphate waters <dong shale beds; partly payable. 

FUTURE OF THE DISTRICT. 

During past 3'ears the rich ores from the oxidized deposits in limestone 
and shale furnished the mainstay of the Clifton-Morenci copper district. At 
present the very large bodies of low-grade chalcocite ores, requiring concentra- 
tion, are those responsible for the rapid increase of production. The question 
as to the extent of these masses is clearly a vital one. Speaking broadly, very 
large reserves are available both at Morenci and Metcalf, so that the present 
production will doubtless be maintained for a number of years. But even the 
largest reserves diminish rapidly under exploitation on the scale prevailing in 
these districts and the problem of new reserves is bound to come to the front. 
As shown above, deep mining has not proved satisfactory, once the pyritic zone 
has been reached. Lateral exploration within the chalcocite zone is more to be 
recommended, and a vigorous policy to this effect has been adopted by the three 
largest companies. As shown on Copper Mountain, the outcrops may fail alto- 
gether to indicate the value of the ground underneath, and with this in view 
development work is proceeding actively north and northeast of Morenci. The 
quartzite fault and, on the whole, the countr}' between Morenci and Metcalf, 
underneath the high porphyr}' hills, deserve more careful prospecting. In some 
places, as in the East Yankie mine, this policy has already borne fruit, and it is 
likely to prolong the life of the mines many years. Under present conditions 
and methods it does not seem likely that ores of much lower grade than the low- 
est now mined can be profitably worked, the present mininmm being 2.5 percent 
of copper. 



CHAPTER VI. 

TUE MINES OF MOREXCI. 

TOPOCiRAPlIY. 

A special map (PI. XVII) has been prepared on the scale of 1 to 12,000 for the 
piii*pose of showing in more detail the important features of the geology at the town 
of Morenci, where the principal mines of the district are located. The map shows a 
rectangular area nearly li miles from east to west and 1 mile from north to south. 
The topographical and geological discussion of the Morenci district can not conven- 
iently be limited to this small area, but must include some features of the surround- 
ing counUy south of a line drawn from (iold Gulch on the west to Concentrator 
Canyon, emptying into Chase Creek, on the east. This comprises the southern end 
of the mountain lands of pre Tertiary rocks l>etween Chase Creek and Eagle Creek. 
It forms a belt 5 miles wide, gradually tapering southward, and is Iwrdered by the 
plateaus of the (xila conglomerate, here reaching elevations of about 4,500 feet. 

The central point of the region, topographically, is the high poi*phyry ridge 
immediately overlooking Morenci and attaining elevations of 5,500 fe^t. Toward 
the west and east its slopes descend to (lold (iulch and Concentrator Canyon. South 
of this point the drainage is toward San Fnmcisco River, in a southeast or south- 
southeast direction, and all of the gulches are more or less completelj' determined by 
fault lines. From near Copper Mounttiin four divides branch out as long, mostly 
flat-topped ridges, with elevations of from 4,00() to 4,500 feet, dropping off toward 
the gravel plains of the Gila conglomenite rather suddenly at their terminations. 
Steep descents toward the east and more gnulual slopes toward the west are the 
results of the dips of the fault blocks. 

The eastern limit of the area under discussion follows Chase Creek Canyon, 
an abrupt V-shaped trench sunk 1,000 to l,4oO feet below the ridges at Morenci, 
its slopes in places broken by almost perpendicular bluflfs of Coronado quartzite 
or Ix)ngfell()w limestone. 

The only important tributarv is Concentrator Canyon, which joins Chase 
Creek a short distance al)ove the foot of the Longfellow incline. The south branch 
of this canyon, the lower part of which is exces>iyely precipitous and the grade 
broken by several abrupt falls, heads 1^ miles westward in the high porphyry 
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ridges north of Copper Mountain, while the north branch continues for about the 
same distance northwesterly toward the Coronado quartzite ridge. In the upper 
parts of the branches the slopes are not excessively steep, though very rocky; a 
more abrupt bluff sometimes marks the descent of the last 50 feet to the bottom 
of the canyon. The two concentrators of the district discharge their tailings into 
this watercourse. 

South of Copper Mountain is the head of Morenci Canyon, whose valley 
opens out like an amphitheater; the town of Morenci is situated on the slopes of 
these hills. Immediately below the town the canyon becomes narrow, though 
not particular! 3' deep; a little farther down it is bordered by abrupt walls of 
limestone and quartzite, 200 to 300 feet high, and after a course of 1 mile enters 
the open plain of the detrital terrace which occupies so much space on the north 
side of Gila River. Five miles farther south it discharges directly into San 
Francisco River. 

A high limestone ridge, in part flat topped and sloping west, forms the divide 
between Morenci Canyon and Chase Creek. The principal points are Modoc 
Mountain (elevation 5,227 feet) and a sharp peak which, 1,500 feet to the south- 
west, attains an almost equal elevation. Modoc Mountain is separated from 
Copper Mountain b}- a gap (elevation 4,492 feet) connecting the main part of 
Morenci with the Yankie and Longfellow mines on the east side. A very steep 
slope, the lower part of which is practically inaccessible, leads down from the 
limestone ridge to the level of Chase Creek, a total distance of 1,200 feet. The 
brown cliffs of Coronado quartzite, 200 feet high, and the gray capping slopes of 
Longfellow limestone form very prominent topographic features (PI. V, B)^ 
which mark the margin of the mountain region for nearly 3 miles southwest of 
the mouth of Morenci Can\'On and overlook the long smooth ridgas of Gila con- 
glomerate stretching far to the southward (PI. IV, ^1). The ridge west of Morenci 
Canyon is similar to that forming its eastern wall. 

Apache Canyon heads a short distance south of Morenci and pursues an almost 
straight course of 2 miles down to the plains, following the direction of a fault 
plane. It is well graded and its walls for a long distance form precipitous bluffs 
up to 500 feet high. The ridge on its west side is remarkably even, \ts top being 
formed of gently westward-dipping limestone. 

The fourth canvon is that of Silver Basin Creek; it heads in the flat, wide 
basin which extends, covered by shales and porphyry, about 2 miles southwest of 
Morenci, contracting near its mouth to a short but almost impassable gorge. 

The divide between Gold Ciulch and the gulches draining southward con- 
tinues for 2i miles southwest from Morenci as an irregular ridge surmounted 
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by sharp knobn, the elevations ranging from 5,000 to 5,500. This ridge then 
swings around to the southward and near the southern edge of the mountain 
area forms conspicuous dome-shaped, light-colored porphyry hills, on the highest 
point of which bench mark 5,175 is located. 

The general aspect of the countr}' is that of barren rocky ridges and hills, 
of a color ranging from the light brownish yellow of the porphyry to the bluish 
gray of the limestone or the dark brown of the quartzite cliffs. 

A very scanty vegetation imperfectly covers the ground. There are no trees 
within the area, except a few cottonwoods in the bottom of Chase Creek Canyon, 
but small desert bushes, yuccas, maguey plants, and small cactus are fairly abun- 
dant, especially on the higher points. 

Chase Creek contains a small stream of water, largely derived from the con- 
centrators at Morenci. With this exception none of the watercourses within 
this area carries permanent water, nor are any springs known. The workings of 
the mines are all dry. As a consequence of this the water necessary for the 
town and the mines must be pumped from a considerable distance, A part of 
it is supplied from San Francisco River, the Arizona Copper Company having 
one pipe line from Clifton, and the Detroit Copper Company another, which 
takes its water from San Francisco River several miles below Clifton. The 
drinking water is furnished by a pipe line from Eagle Creek. This water, 
although somewhat hard, is much better than that of San Francisco River, 
which is contaminated in many ways. The pumps in Eagle Creek raise the 
water against a head of 1,500 feet. 

A wagon road connects Morenci with Clifton, following the course of Morenci 
Canyon. Another road, which, however, is in poor condition, connects Morenci 
with the pump station of Eagle Creek. It crosses the dividing ridge at the gap 
inmiediately south of the town. 

The Morenci Southern Railroad, which connects the town with Guthrie station, 
on the Arizona and New Mexico line, at Gila River, follows Morenci Canyon, and 
in order to gain the elevation of the town makes four complete loops within a 
distance of 1 mile. A very extensive system of narrow-gage roads connects the 
mines, the smelter, and the concentrators. The main line of communication begins 
near the Arizona Central on the south of Copper Mountain, and continues 
northeasterly at an elevation of about 4,870 feet. Side trat;ks connect this level 
with the Detroit Copper Company's smelter, located at the place where the canyon 
opens up into the amphitheater of Morenci. A tunnel pierces the ridge between 
Copper Mountain and Modoc Peak, and the tracks extend from there, at the 
siime elevation, north of the Detroit Copper Company's concentrator, and also 
follow the contour of the hill to the concentrator of the Arizona Copper Company 
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(elevation- 4,900 feet). Still another tunnel penetrates Longfellow Ridge. Through 
this tracks connect with the head of the Longfellow incline (elevation 4,780 feet), 
which descends the steep slope to Chase Creek (elevation 4,000 feet), where ore 
bins are located and the transfer of ore is effected to the cars of the Coronado 
Railroad, which follows Chase Creek from Clifton to Metcalf. 

The town of Morenci spreads out irregularly on the slopes of the amphi- 
theater at the head of Morenci Canyon. As a consequence of the topographical 
features, it has been found impracticable to lay out regular roads or streets. The 
houses are situated in terraces, one row above another, and are connected In' 
trails. Transportation above or below the railroad tracks is effected by means of 
the always present and useful burro. The total number of the inhabitants ma}' be 
estimated as 4,000 or 5,000. 

GEOIiOGY. 

The sedimentary formations occupy the larger southeasterly part of the area 
shown on the Morenci special map (PI. XVII), while the high ridges of the 
northwestern area consist of porphyry of intrusive origin. The contact line 
between the two terranes runs in the main northeasterly, but exhibits the 
greatest irregularity in detail, masses of sediments being included in the porphyry 
and dikes of the latter rock that penetrate the water-laid formations. 

The strata consist of chiefly Paleozoic limestones and shales dipping 5^ to 25^ 
westward. In the southeastern part of the area the rocks are unaltered and 
succession and structure are easily ascertained. Two northwesterly trending 
faults divide the sedimentary area into three blocks, with downthrow on the 
east side; the Copper Mountain fault follows Morenci Gulch and the Apache 
fault courses just west of the town. The sediments are much metamorphosed 
all along the contact with the porphyry, and the width of this altered zone 
averages 1,500 feet. Within this belt it is sometimes difficult to ascertain suc- 
cession and structure of the beds, as great complication results not only from 
alteration but from dislocation b\^ the intrusion of porphyry and by the later 
period of faulting. 

The principal copper deposits occur either in this altered zone of sediments 
or in the porphyry close to the contact. A few smaller deposits lie in the 
porphyry far away from the contact line. 

For purposes of a preliminar}' orientation the rocks and structure of the 
Morenci hills are described in this paragraph in briefest outlines. Subsequently, 
the detailed geolog}- of tlie vicinit\- of Morenci will be taken up, as the important 
mineral deposits are all contained within a small area. 

The basal pre-Cambrian granite is exposed only in the deep trench of Chase 
Creek and along the edge of the southeastern foothills for a distance of 3 miles 
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sMJuthwest of Morenci Canyon. Of the scdinientarj- series resting on granite, the 
Coi-ouado (fiiartzite and thi' Longfellow limestone cover much of the eastern part 
of the ai-ca. The Coi-onado (Cambrian) quartzite forms almoBt perpendicular 
brown bluffs, up to 200 feet high, which follow the west side of Chase t-'reek 
Canyon, descending to the bottom at the foot of the Longfellow incline (eleva- 
tion 4,000 feet), and thence, gradually rising, overlook the Gila conglomerate at 
the mouth of Morenci Canyon. Capping the granite the Coronado formation 
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continues as a prominent scarp for 3 miles along the foothills until replaced by 
the covering limestones. 

The Longfellow (Ordovioian) formation, with its 300 to 400 feet of cherty 
and partly dolomitic lime^^tones and lime shales, covers all of the principal ridges 
south and east of Morenci. 

The rocks of Devonian age, consisting of the Morenci shales and associated 
limestones, with a total thickness of 176 feet, are exposed fairly extensively east 
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and south of the town. A strip of the limestone is also exposed along the 
east side of Silver Basin. 

The lower Carlwnlferous is represented by the Modoc limestones up to 160 
feet thick. This formation is best seen on the hills adjacent to the east side of 
Morenci: elsewhere it is not cxti'nsively developed. This whole conformable 
series dips west at angle.-* of from 10 to 2ii-. 

On Modoc Mountain near Morenci and on the ridge .southwest of that town 
a series of U-tU arc exposed which consist of shales and sitndstones. partly altered 
at this locality, and. though having the .same dip as the underlying Carbouifer- 
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ous, sepai'ated from it by an unconformity due to erosion. While no fossils have 
been found in them at Morenci, they are referred to the Cretaceous with consid- 
erable confidence, for similar beds containing Cretaceous fossils are exposed on a 
large scale south of Gold Creek, and surround the prominent poi-phyry hills 2i 
miles south-southwest of Morenci. In the problems of mineral deposition these 
Cretaceous sediments are of little importance. 

Intrusions of porph^^ry oci'upy large areas and are of paramount importance 
for the study of the mineml deposijbs. These rocks did not, as far as we know, 
reach the surface during the time of their eruption, but consolidated far below, 
and have been exposed by later erosion. The main mass of porphyry, the great- 
est in the Clifton quadrangle, is that extending between the Eagle Creek foot- 
hills near Gold Gulch on the southwest up tow^ard Metcalf on the northeast. To 
this stock belong the high ridges of Copper Mountain; its southern boundary 
line runs in a northeasterly direction along the divide separating Gold Gulch and 
Silver Basin. Crossing the ridges into the head of Morenci Canyon, it continues 
along the foot of Copper Mountain and finally reaches Chase Creek 1 mile below 
Metcalf. The high yellowish -gray ridges coimecting wMth Copper Mountain con- 
sist entirely of this porphyry. At Morenci the stock is a mile wide and is bordered 
on the north by granite and quartzite. The contact lines are extremely irregular 
in detail, bearing constant evidence of the intrusive origin of the porphyry, and 
the Paleozoic sediments adjoining are greatly disturbed and contain many dikes, 
best exposed in the vicinity of Longfellow mine and Modoc Mountain. Very few 
dikes are, however, found in the limestones at a greater distance from the con- 
tact. The great Morenci stock connects with an elliptical area 1 by 2 miles, 
which occupies the porphyry hills 3 miles southwest of Morenci. This would 
seem to be a laccolithic intrusion in the gently inclined Cretaceous strata. The 
beds on the east side appear to dip under it, and it seems to have been covered 
by those on the west side. Several smaller rounded laccolithic masses and also 
some dikes are found in the Cretaceous shales of Silver Basin Creek. Of similar 
nature is probabl}' the mass which caps the hill of Cretaceous strata 1 mile south 
of Copper Mountain. The tendency of the porphyry to form laccolithic masses or 
sills is further illustrated in the remarkably persistent sheet which, intruded 
between the quartzite and the covering limestone, follows along the Chase Creek 
slope from a point near Modoc Peak to the mouth of Morenci Can3on, and is 
usuallv about 50 feet thick. 

The sill and the laccolithic masses, as a rule, consist of dio rite-porphyry, with 
compamtively little quartz in the groundmass. The light-colored rock carries 
small crystals of labradorite, hornblende, and biotite in a microcrvstalline ground- 
mass. The great stock, on the other hand, and most of the dikes near Morenci 
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UXDERGROUXD WATERS. 

It has already been mentioned that Eagle Creek and Chase Creek are the 
only pennanent streams near Morenei. Of these I^gle Creek has a comparatively 
large watershed and carries a stream which even in the driest seasons is said to 
amount to 100 miner's inches. The underflow in the sandy bed probably amounts 
to much more than this. Chase Creek, on the other hand, contained originally only 
a very small quantit}'^ of water, which may not have reached much below the foot 
of the Longfellow incline. Now, however, a large quantity of water is added at 
the mouth of Concentrator Canyon from the ore-dressing plants at Morenei, this 
being derived by pumping from San Francisco River. As a consequence of this, 
CKase Creek contains about 100 miner's inches of water heavih' charged with 
tailings, and this artificial stream continues down to its junction with San Francisco 
River at Clifton. 

None of the canyons in the vicinity of Morenei contains running water except 
immediately after very heavy mins. The town is situated about 800 feet above 
Chase Creek and 1,200 feet above Eagle Creek. 

Ground wat«r has thus far not been found in any of the workings of the mines 
at Morenei, the deepest levels of which in the Manganese Blue and Arizona Central 
mines are at elevations of approximately 4,500 feet, or 600 feet above the stream 
in Chase Creek. The spring nearest to Morenei is situated in Gold Gulch at an 
elevation of 4,800 feet. Lately water has also been struck in a winze at the Cayuga 
mine below the level of Pinkard Gulch and at about the same elevation as the 
spring. In the Manganese Blue mine a little moisture is met in places, and the 
same applies to certain drifts of the Arizona Centml; but this beyond doubt per- 
colates from the hundreds of dwellings of the town situated immediately above, 
the water used for domestic purposes being pumped from Eagle Creek. 

Though the mine workings are generally dry, the coatings of soluble sul- 
phates which are so frequently found on the walls of drifts from 100 to 200 feet 
below the surface prove that a certain amount of moisture iinds its way down to 
at least the upper levels after the annual rains. 

The present conditions of underground waters ma\' differ greatly from those 
of pjist time. Considering that during the early Pleistocene the Gila conglomerate 
filled Gila Valley up to a marginal level of 4,500 feet (present elevation). Eagle 
Creek and Chase Creek nmst at that time have had beds 600 or 700 feet higher 
than at present and have flowed in broad gravel-tilled valleys. The climate during 
this epoi'h, corresponding to that of the general North American glaciation, was 
|)erhaps moister than at present. This leads to the belief that the surface of the 
ground water nmst then have stood several hundred feet — possibly 700 feet — 
higher than now, which would mean that it would not have been far below the 
surface at Mon»n<*i. This theory has a certain bearing on secondary changes in 
the ore d<»iM)sits, and has ))een referred to on page 206. 
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1>ETAII.8 OF MINE8. 

THE LONGFELLOW MINE. 

Production and development. — The Longfellow mine is situated on the nar- 
row ridge dividing Chase Creek from Concentrator Canyon, and the croppings 
have an elevation of 4,900 feet. It was one of the very earliest discoveries in 
the district, and for many 3'ears furnished an immense amount of rich oxide 
ore to the Lezinsky Brothers, and later to the Arizona Copper Company. The 
total amount of copper produced from this property can not be determined from 
the data at hand, but it certainly has amounted in value to several million dol- 
lars. At the present time — in 1902 — about 750 tons per month of 7 per cent 
ore are extracted from various points in the old workings, but the ore bodies 
are practically exhausted. 

In a general way the deposit consists of an irregularly funnel-shaped mass 
of oxidized ore, the outline of which is partly determined by three almost 
parallel porphyry dikes, the lowest level having practically reached the bottom 
of the deposit. The croppings were found high up on the hill, about 150 feet 
above the present railroad level, at the head of the Longfellow incline. This 
corresponds to an elevation of 4,900 feet. The ore bodies under these croppings 
were partly worked by open pits, partly by stoping, and the whole surface has 
now caved, forming three large irregular depressions, causing also a settling of 
this whole part of the hill. The old workings above the railroad level (eleva- 
tion 4,760 feet) are inaccessible and caved. The developments, as far as the 
present workings are concerned, consist in tunnels on four levels, the first one 
being on the railroad level, and the fourth 200 feet below it. Besides there is an 
incline starting at an elevation of 4,784 feet and reaching down to the fourth 
level. The fourth level is opened by a long tunnel, starting on the steep slope 
below the railroad track and extending about 950 feet W. 14^"^ S. to a point 
immediately below the old workings. While the larger part of the deposit lies 
within the Longfellow claim and belongs to the Arizona Copper Company, a 
small part of it falls within the East Yankie claim of the Detroit Copper 
Company. This part of it is developed by four levels from the East Yankie 
shaft, the lowest having an elevation of 4,630 feet. 

Geology, — The surface geology of the Longfellow mine is greatly obscured 
by reason of the great caves and open pits which are located on the ridge, which 
render the tracing of the strata and dikes very difficult. Figs. 5 and 6 show 
the general structure of the sedimentary series. On account of the difficulties 
created by cavings and old, inaccessible, and unknown slopes, they are only 
approximately correct. The Coronado quartzite crops 12 feet below the lowest 
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titniti'l unci ilH I)i>(1h ili|i Hlitfhllv wcHtwiinl. A)k>v» thi^ lip the limestones and shaly 
||iiii«h|iiii<>h of lli<> l/iii|rfi'll(iw fommtiun, {Hirtly tlolomitic. The thickness of this 
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stone, and rd upper division of clay shales somewhat over 100 feet thick. The 
Morenci shales form the upper part of the ridge and the gap west of the Longfellow 




incline. The sediments are broken hv at least two faults which have a general 
east-west direction. The northerly one (PI. XVIII) is outside of the ore bodies 
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auid fall* a At^^rt iih^ULwat \t(^xtmA xhfr iiinit of the arem i^bown on the special map. 
T}i^ throw anK/fjnt«» t^> r^tenil fauodred feet, for it hrings up the Corooado 
quartzite on tt^r rH^rth si^le to the lerel of th^ Morenci ^haleaf. The !?oatherl_r fault, 
•trikin^ \. ^^.> W, ^lig. .vi. whi^-h ha- Jjeen oJ^senred only in the mine. hring>? the 
r'oro»a/lo <|iiartzite on the -"outh -?ide up to the lerel of the I»ngfellow lime^tooe: 
It* throw !• pro^jahly *^> V} 1*»» feet. 

Several pr>q>hyr>' dike** with an ea-^t-northcA.'^t trend cut the strata. The 
m>rth dike i- nearlv vertical: it* thickne^*? i«? onlv ^» feet on the surface, but on 
tlie v-Cind level of the Ea.*t Yankie thi-» increa?*e7i up to To feet. The middle 
dike !• tra/reahle for only a ??hort distance on the ••urfai-e. but Ls found on several 
leveK in the njine. It v-nrcely avemjfe.^ :^.» feet in thickness, but has a tendency 
to ijend out -h^-et* or silU fietween the strata. Such a local widening is seen in 
fijf, h near th*' incline -liaft. The miners refer to it as the ••sheet-porphyry 
dike," The s^iuth dike \> 'Ih to 3*^ feet wide and. like the middle one. dips to 
the north at an angle of alxiut *5<.» degrees. On the fourth level a crosscut to 
the north. 1^) feet long, is entirely in pr^rphyry. and from this it seems probable 
tliat thi^ dike, like the middle one, sends out horizontal sheets in the lower part 
of the linw?stf>ne. 

The I»ngfellow pr>rphyr\* Ls rarely found in perfectly fresh condition, as it 
generally c^jntains much sericite. and usually also pyrite. On the three and one- 
half level the [Xiq>hyry of the middle dike is of a reddish-gray color and con- 
tains as phem>crysts closely ma«*sed triclinie feldspar, largely, as far as can be 
deterrnin^fd. of andesine. There are no large quartz crj'stals, but there are a few 
Mfriall [jartly chloritized liiotites and hornblende. The groundmass contains much 
quartz in rnicnx'rystalline intergrowtb with unstriated feldspars and a few small 
prisms of plagi^KjIase. Apatite and magnetite Iron ores are accessories. This 
nK;k r:f>ntains no pyrite and comparatively little sericite. The porphyry from the 
fr>urth level in the north crosscut is ver}' altered, only showing a hard, greenish 
groiindmass with closely massed small and whitish feldspar crystals. Pyrite in 
small crystals is sprinkled through the ro<*k. This rock Ls completely sericitized, 
the forms of the felds|)ars lieing i>seudomorphs of sericite and a little quartz. 

IttH'k albratl^m, —Thit Morenci shale shows only a very slight alteration, 
(rhiefly c'onsisting in a hardening of the rock and in the introduction of 
epidot^f. The uppcjr few feet of the underlying Morenci limestone is largely 
frenh, proJmbly on a<'<'ount of its ver\' dense and compact structure. Irregular 
inasHifrt and s<.*anis of garnet, chalcopyrite, and zinc blende occur, however, in 
it, and aJM) disseminated needles of tremolite. The Li^ngfeilow limestone, which 
in the main ore-}>earing horizon, is extensively but irregularly altered. At the 
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sharp contact with the middle dike on the fourth level without slip or fault 
the limestone is greenish and mottled with specks and thin seams of pyrite 
and chalcopyrite. Under the microscope a great development of small prisms 
of pyroxene is noted, as well as magnetite intergrown with pyrite (PI. VII, B). 
On the rest of the fourth level the limestone does not seem very much altered, 
but contains seams of pyrite, some of which follow the stratification, while 
others are perpendicular to it. This p3'rite is said to contain a little gold. 
On the railroad level, near the office of the Arizona Copper Company, the lime- 
stone near the dikes seems ver}^ slighth' altered. In the East Yankie mine 
near the north dike the alteration is strongly pronounced. On the surface of the 
western slope masses of epidote are seen, and on the second and third levels 
magnetite and garnet occur near the porphyr3\ Most of these localities are 
outside of the ore bod}^ proper; within it surface oxidation has obscured the 
earlier metamorphism; garnet has been decomposed to quartz and limonite, and 
large quantities of pure kaolin have been developed. That the porphyry is 
quite generally sericitized and in places contains small pyrite crystals has already 
been noted. Further oxidation results in kaolin and limonite. Seams of cuprif- 
erous pyrite intergrown with quartz and defined by slips with kaolin and a 
little chalcocite occur on the fourth level in the porphyry. The maximum 
width of these is 2 inches, and in places they contain a considerable amount 
of copper, but none of this porphyry is payable ore. 

Ore hodies, — The main ore body occurred in the Longfellow limestone between 
the north and middle dikes; another mass was found between the latter and the 
south dike. In their widest part they occupied a space of about 800 or 400 feet, 
but narrowed as depth was attained, and on the lowest level only a small ore 
chamber worth stoping was found. The ore was replaced by fresher limestone 
which had not been exposed to oxidation. Ore bodies were also encountered from 
the surface down on the north side of the north dike. These, too, gradually 
contracted and the hard limestone came in below. 

The principal stopes between the north and middle dikes consisted almost 
entirely of red oxide or cuprite with a small amount of manganese dioxide. 
On the south side of the middle dike carbonates of copper prevailed with much 
black manganese. No considerable amount of chalcocite ore was found in the 
mine. The porphyry dikes were somewhat mineralized, in places enough to be 
extracted as second-cliss ore, but on the whole no important amount came from 
this source. As stated above, a small chamber of oxidized ore was stoped on the 
fouilh level, this forming practically the bottom of the ore body. A winze sunk 
in early days from the surface happened, curiously enough, to strike the deepest 
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neck of the ore body, a fact which naturally raised greater expectations as to its 
8ize than were to \)e fulfilled. On the north side of this stope on the fourth 
level a sumll (xxly of red oxide and carfx>nates was found lying on the quartzite 
wall of the fault mentioned a}>ove. 

The gangue consisted of the decomposition products of limestone and 
porphyry. Among these are kaolin, limonite, and oxides of manganese, together 
with a variable amount of quartz, not enough, however, to give the ores a siliceous 
character. 

Kaolin, in part very pure, occurs extensively in the Longfellow mine. On 
the first level all transitions may l)e seen >>etween softened and pyritic porphyry 
and almost pure kaolin. It would probably be incorrect, however, to say that all 
of the kaolin is derived from this rock. On the second level of the Eiast Yankie 
there are large kaolin stopes adjoined })y large masses of limonite. No evidence 
of porphyry was found here and the mineral seems to be derived from shale or 
shaly limestone. The kaolin is extracted for use as converter lining. 

All of the gangue minerals thus far enumerated are clearly decomposition 
products due to the oxidizing effect of surface waters. The available evidence 
points to the conclusion that the primary substance consisted of the same altered 
limestones which are now found on the outskirts of the ore bodv, and that its 
composition included calcite, garnet, epidote, pyroxene, and amphibole, with 
magnetite, pyrite, chalcopyrite, and zinc blende as ore minerals, the latter three 
disseminated or as small so^ms. Zinc blende is reported to have occurred in 
places on the lower levels. It is certain that the adits contain efflorescences of 
the sulphates of zinc and magnesia. 

The ore body resulted from the surface oxidation, and attendant concentration 
of copper, of rocks like the altered limestone described from the fourth level at 
the contact with the porphyry; this limestone probably contains from one-half per 
cent to 1 per cent of copper. As it has been shown that oxidation has penetrated 
to the fourth level, the possibility^ of finding other bodies may be conceded. The 
exploration should be directed either northward toward the great ciuailizite fault 
or southward by crosscutting the two porphyry dikes yet to be encountered 
beyond the south dike. To judge from the developments in the East Yankie 
mine, bodies of chalcocite ore may well occur along the quartzite fault. " 

The fault exposed on the fourth and third levels in part forms the limit of the 
ore, and probably is to some extent responsible for the outlines of the ore body 
by facilitating the descent of oxidizing solutions. The ores also show a distinct 
tendency to follow the porphyry contacts. This may be partly due to the more 

"Since the alx)ve wa.s written I have U-en inf«>nned that k<kh1 Ixxlies of chalcocite ore have been found in the 
vicinity of the «|uartzite fault by crosscutting north from the first and second levels^f the Longfellow incline. 
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abundant presence of oxidizing solutions in the porous porphyry, but also points 
to a greater percentage of chalcopyrite in the limestone adjoining the porphyry, 
a fact abundantly proved at many other places near Morenci. 

The general character of the Longfellow ores is shown by the following 
analyses. A sample taken in 1880 by Wendt from one of the big stopes gave: 

Analysis of copper ore from Longfellow mine (1880). 

Per cent. 
Copper 38.80 

Silica 11.15 

Ferric oxide 11. 56 

An avei'age sample from over 1,000 tons of ore, taken at the same time, gave: 

Analysis of average sample of copper ore from Longfellow mine (1880). 

Per cent. 
Ck)pper - 17. 17 

Silica 26.80 

Ferric oxide 15. 29 

Manganese oxide 7. 49 

The character of the ore taken out at present is shown by . the following 
analysis: 

Analysis of copper ore from Longfellow mine (1902), 

Per cent. 
Insoluble 43.17 

Iron 18.08 

Copper 5. 10 

Manganese .' 93 

Lime 1.68 

A technical anal3'sis of the porphyry from one of the dikes at the Long- 
fellow mine indicates that it corresponds in general with the other masses of 
porphyry at Morenci. The analysis shows, besides, a small percentage of pyrite 
and very little chalcocite. The analysis runs as follows: 

Analysis of porphyry from dikes at Longfellow mine. 

Per cent. 

Silica 72.56 

Ferric oxide 2. 23 

Alumina 14. 80 

Lime trace. 

Magnesia trace. 

Pyrite 2.51 

Chalcocite 15 

Alkalies 4.24 
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WEST 8IX>PE OF MODOC MOUNTAIN. 

11*^ »r<ai of ^\UtniA liin*^-U>n^ we«t of the Lcingfellow mine, between it and 
tiie Viiviipiij boI«t. f^bow* a nurnfier of surface pit** with large anioiints of epidote 
jXM-k- Fr*>fij the*?^ ruueh ox'ui\zi*d ore wa*? extnw-ted in the earlv daT> of the 
caxup. *>ut hard and nonoxidized njck ^-arrjing pvrite and chalcopyrite was 
found at no irreiit depth. The Mont^'zurna workings, partly open cutf>. adjoin 
the Vava|iai on the s^iuth and contain U>th fis??ure vein^ and beds? of shale, with 
div«enjirjaUMl oxidizi*d ore^. IV>th of the^^e niine^ will be deisJcrib^ later. High 
up on the north hlojx* of M<i<Kx; lirner^trjne are the Modoc open cuts. A fair 
anjount of oxidiz^^l <-opiM*r on-ts has J>een extracted at this place, but no work is 
<;arri<?d on at present. The princifjal ore mineral was blue chrysocolla. associated 
with eop|x*r-pitr;h ores and c^>ntained as irregular Ixxiies and seams in a garnet 
nx-k fiartly deo>m|Kisc*d to linionite and quartzose cellular ma*<ses. 

S'veral smaller prosfK^^ts and o|K*n cuts are noted along and just below the 
garnet nK*k on the north side of Mcxlo*- Mountain, but there are no ore bodies 
of imi><jrtanc4». 

Fifteen hundred f<^et southwest of the summit, in the little gully running 
down t() the smelt^^r, the Detroit ore Ixxiy outcroppcnl }>elow overhanging dark- 
brown i'litfs of garnet nx'k, and H(H) feet farther southwest the Mangane«« Blue 
mine is reached. lV>th of these deserve more detailed description. Briefly, each 
of them (*ontain several tabular d(?posits of oxidized copper ores in nearly hori- 
zontal strata of more or less altered limestone and shale. Both of them are 
confined lietween two d\'kes of acidic porphyry, 500 feet apart, coursing north- 
cast<»rly in the direction of the summit of Modoc Mountain. But they are 
separated b}' the great Copper Mount4iin fault, so that the ores in the Detroit 
are contained in the strata of CaH)oniferous and Devonian age, while those of 
the Manganese Blue are contained in the Ordovician limestones. 

DETROIT MINE. 

Prodii^^tujn and development. — The Detroit mine, belonging to the Arizona 
Copper Company, is one of those rich deposits of carbonates and cuprite in 
limestone which lie a short distance south of the main contact of the porphyry 
at Morenci. In contrast to the Longfellow mine, it consists mainly of several 
ore-})(»aring horizons in limestone, separated by })arren material. 

Th(» deposit was discovered in 1884 and yielded for some years at the -rate 
of several thousand tons per month. For nine years following the first period 
of great production about 500 tons per month were extmcted from the mine, 
and for many ' years this and the Longfellow mine formed the two mainstays 
of the production of the Arizona Copper Comjmny. At the present time the 
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deposit is practically worked out, though a little ore is still extracted from 
some of the slopes. The total production of the mine probably amounts to 
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somethinff like ii>ii,(H)U tons. Most of the ore was undoubtedly very rich. 
Though of little economic iuiportance at present, the deposit is of fjreat interest 
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siul r,<iift ( >^«** t'^nna^iifff'. '>f ^aImt^ 4^*>!4 f«t*: lik*^ vorxiair» •^iiiB*H!t wtci ih* 

TIwe <»//}*/ '/f firi^ Jt^rr *tuft tAA 4a ^fe^ati/>*i of 4^^*^ f**tf. Iter ««inw«i fereL ds* 

«r*«ff. Th^ Humuiiuy^ KM ^/fp^yi^ it «t#>rt dM^oc^ ^sftr^ of dk^- I>etn>[t 4aft. 
//f^<^i ');f«9^lj ^yfi U;i^ little lifi:«ld:i wbi/rfa joht* MormKi Cmnjon at chie ^metier. 
Tr#^ «tj«flt jw^ M/iitA %n: •-jtrnw^^U^ >tj % uaatz of irrtgalMT ^aps^ and workiiigs 
VfrmUpg^ tfc^ '/M or^ ^^A'yr^. Tb^ work^ jfroowi occopie* a ^paee of mboot ^•> 
f/y ^// fM<t »i»d fi#r^ fiH««rfj two j^/rjibrrr dike* -!•» feet disUnt from each 
'A\t^f, Ttf^ it/^^nlkd ry^fith <9baft ^^l#'vaUion of cfAimr 4.^^ feeti wm^^ sank some 
7**r* «KO f// « d^^fil^j ^/f 4*i*f f*^t ^^v tb#r Detfoh Cc^iper Companr to explore 
fli^ mt>?*iMru \ttfrium fA tbi^ Mor-k ''k>«#f to the ilirp^r Moantain fault. It b 
Irmt tmiMiAd^, tb#; w^t Y\nH of tb#; XhiXnAt claim and iDaeGei»5ihle at the pre^nt 

(iMfhffffj, Th^r Mrirrk of (ground in which the Detroit mine is situated lies on 
tb#; #;a4t nidi? of tbi; i^r^fat iUy\i\vfx Mountain fault, a^ far as exposed by mine work- 
\uyi^* It i*At%Mp\^ of tbc nonnal Paleozoic series from the Carboniferoa^^ to the 
n\f\ft'T \mt% of \\%t*, Silurian* Tb^' ^leds dip gently westward, in phices turning more 
^/Mtbw^fiiirrly^ at an^le^ of up U) 'IS)^. The average dip is probably not more 
tlian 10', 'Hh? \\\}\%'r IW feet consist of the horizon of Modoc limestone (Car- 
(;^;riff#^rou««;, which ^'cupies the whole southwestern slope of Modoc Peak. Its 
lHr((cr ari'l iipi^^r fiart, however, is here entirely metamorphosed to a heavy sheet 
of /lark brown garnet r<K;k, the lower part of which contains copper ores. As 
e|Mfwben% lifnonit^; hikI H<*con(lary i|uartz occur as products of decomposition of 
garni^t, Jii^low thin follow 25 feet of less-altered limestone, of the same horizon, 
in \niV\ Hhaly, which again is underlain liy 75 to KX) feet of dark-gray Morenci 
tihah'N (I)evoniarrO' These are hardened and have undergone considerable meta- 
fnorphisrn liy the a|)|M*4iranc'e of aniphilK>Ie and epidote^ but their bedding is easily 
rerogriize^l. A hunl, dense, and comparative!}' little-altered argillaceous limestone, 
the lower irieniber of the Mon^nci formation, underlies the shale. Mr. Gordon 
Mclieiin Mt4it4»H that verv fn^sh linH^stone was found near the bottom of the South 
shiift whirh rontuined tnuch zinc blende and a little copper (as chalcopyrite). This 
niiilet'ial iiIho contiiined 2 ou«c(?m of silver per ton. This block of sediments 
ronlimieM north ward towiinl the main porphyry contact, at least to the Blue shaft, 
willionl ninrh diHturbance. Aliout 100 feet below the collar of the latter the 
MorrtH'i HhiileM \\\\\ Kgiiin (encountered in their proper position. 
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Two porphyry dikes of great importance cut the strata of this block and 
limit the ore on the northwestern and southeastern sides. They are from 400 to 
500 feet apart. Their outcrops are difficult to trace continuously on the surface, 
but the workings give abundant evidence of their position. The northwesterly 
dike, which may be called the Joy dike, comes from the irregular masses of 
porphyry near the schoolhouse and continues to the Blue shaft, partly hidden under 
dumps, etc., and thence northeasterly to the Joy mine, here forming the foot wall of 
the Joy vein. From here it continues to near the summit of Modoc Peak and, 
crossing it, descends with the same direction on the steep easterly slopes of this 
point. The second dike, which may be called the Humming Bird dike, shows 
first at the post-office near the Detroit Company's office, where it is surrounded 
by a considerable mass of epidote and garnet and continues along the southeast 
side of the main stopes of the Detroit mine up along the little gulch emptying 
at the smelter. Both dip northwest at angles of about 60^ to 70°. The Copper 
Mountain fault dislocates both dikes, the east side of the fault showing a south- 
easterly horizontal throw of 50 or 70 feet. 

Ore bodies. — The cap rock of garnet, 75 to 100 feet thick, contains cx)pper 
stains in places, but rarel}^ payable ore. The main ore body is situated imme- 
diately below this heavy garnet rock and averages 25 feet thick. Underneath 
this lie 25 feet of lime shales. The second ore body, about 5 feet thick, under- 
lies this stratum and is again succeeded by 75 feet of barren clay shale. Below 
this is a third horizon of ore bodies, which, however, have proved unsatisfactory 
in grade and extent. Extensive prospecting operations by aid of diamond drill 
have failed to show further ore bodies below this. Drill holes from the bottom 
of the Detroit shaft have penetrated into the porphyry of the Humming Bird 
dike and revealed the fact that this porphyry widens considerably in depth. 
The greatest depth reached by the drill is 300 feet vertically below the bottom 
of the shaft. 

The Humming Bird stopes on the upper ore body open to daylight in the 
little Smelter Gulch, just below the overhanging garnet rock. The thickness of 
this ore body varies from 1 to 40 feet, averaging 25 feet. Along the east side 
of the Humming Bird dike for a distance of 400 feet it is thickest, and the first 
and second ore bodies here practically join. There is no sharp line separating 
the first ore body from the garnet rock; smaller masses of this mineral, in 
places crystallized, were found in the gangue, which besides consisted of quartz, 
hematite, and kaolin. The ore is entirely oxidized and chiefl}^ contains malachite 
and azurite, in places avssociated with black, earthy manganese ore and copper- 
pitch ores. Chalcocite and cuprite occur rarely. The general character of the 
ore is not strongly hematitic as in the Shannon mine; neither does silica prevail. 
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tunnel and its beds dip slightly westward. Abovt; thU lie the limestones and shaly 
limestones of the Longfellow formation, partly dolomitio. The thickness of this 
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series is 350 feet. The Longfellow limestone is again covered by the Morenci 
formation, consiiiting of a lower member CO feet thick, of very tine-grained lime- 
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and falls a .short distance beyond the limit of the area shown on the special map. 
The throw amounts to several hundred feet, for it brings up the Coronado 
quartzite on the north side to the level of the Morenci shales. The southerly fault, 
striking N. 65^ W. (tig. 5), which has been observed onl}' in the mine, brings the 
Coronado quartzite on the south side up to the level of the Longfellow limestone; 
its throw is probably SO to 100 feet. 

Several porphyry dikes with an east-northeast trend cut the strata. The 
north dike is nearly vertical; its thickness is only 20 feet on the surface, but on 
the second level of the East Yankie this increases up to 70 feet. The middle 
dike is traceable for only a short distance on the surface, but is found on several 
levels in the mine. It scarcely averages 20 feet in thickness, but has a tendency 
to send out sheets or sills between the strata. Such a local widening is seen in 
fig. 5 near the incline shaft. The miners refer to it as the ^'sheet-porphyry 
dike." The south dike is 25 to 30 feet wide and, like the middle one, dips to 
the north at an angle of about 60 degrees. On the fourth level a crosscut to 
the north, 90 feet long, is entirely in porph^^r}^ and from this it seems probable 
that this dike, like the middle one, sends out horizontal sheets in the lower part 
of the limestone. 

The Longfellow porphyry is rarely found in perfectly fresh condition, as it 
generally contains much sericite, and usually also pyrite. On the three and one- 
half level the porphyry of the middle dike is of a reddish-gray color and con- 
tains as phenocrysts closely massed triclinic feldspar, largely, as far as can be 
determined, of andesine. There are no large quartz crystals, but there are a few 
small partly chloritized biotites and hornblende. The groundmass contains much 
quartz in microcrystalline intergrowth with unstriated feldspars and a few small 
prisms of plagioclase. Apatite and magnetite iron ores are accessories. This 
rock contains no pyrite and comparativel}" little sericite. The porphyry from the 
fourth level in the north crosscut is very altered, onl}'^ showing a hard, greenish 
groundmass with closely massed small and whitish feldspar crystals. Pyrite in 
small crystals is sprinkled through the rock. This rock is completely sericitized, 
the forms of the feldspars being pseudomorphs of sericite and a little quartz. 

Eock alteratum, — The Morenci shale shows only a very slight alteration, 
chiefly consisting in a hardening of the rock and in the introduction of 
epidote. The upper few feet of the underlying Morenci limestone is largely 
fresh, probably on account of it^s very dense and compact structure. Irregular 
masses and seams of garnet, chalcopyrite, and zinc blende occur, however, in 
it, and also disseminated needles of trcmolite. The Longfellow limestone, which 
is the main ore-bearing horizon, is extensively but irregularly altered. At the 
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sharp contact with the middle dike on the fourth level without slip or fault 
the limestone is greenish and mottled with specks and thin seams of pyrite 
and chalcopyrite. Under the microscope a great development of small prisms 
of pyroxene is noted, as well as magnetite intergrown with pyrite (PI. VII, B). 
On the rest of the fourth level the limestone does not seem very much altered, 
but contains seams of pyrite, some of which follow the stratification, while 
others are perpendicular to it. This pyrite is said to contain a little gold. 
On the railroad level, near the office of the Arizona Copper Company, the lime- 
stone near the dikes seems very slightly altered. In the East Yankie mine 
near the north dike the alteration is strongly pronounced. On the surface of the 
western slope masses of epidote are seen, and on the second and third levels 
magnetite and garnet occur near the porphyry. Most of these localities are 
outside of the ore body proper; within it surface oxidation has obscured the 
earlier metamorphism; garnet has been decomposed to quartz and limonite, and 
large quantities of pure kaolin have been developed. That the porphyry is 
quite generally sericitized and in places contains small pyrite crystals has already 
been noted. Further oxidation results in kaolin and limonite. Seams of cuprif- 
erous pyrite intergrown with quartz and defined by slips with kaolin and a 
little chalcocite occur on the fourth level in the porphyry. The maximum 
width of these is 2 inches, and in places they contain a considerable amount 
of copper, but none of this poi'phyr}' is payable ore. 

Ore hodies. — The main ore body occurred in the Longfellow limestone between 
the north and middle dikes; another mass was found between the latter and the 
south dike. In their widest part they occupied a space of about 800 or 400 feet, 
but narrowed as depth was attained, and on the lowest level only a small ore 
chamber worth stoping was found. The ore was replaced by fresher limestone 
which had not been exposed to oxidation. Ore bodies were also encountered from 
the surface down on the north side of the north dike. These, too, gradually 
contracted and the hard limestone came in below. 

The principal stopes between the north and middle dikes consisted almost 
entirely of red oxide or cuprite with a small amount of manganese dioxide. 
On the south side of the middle dike carbonates of copper prevailed with much 
black manganese. No considerable amount of chal(!Ocite ore was found in the 
mine. The porphyry dikes were somewhat mineralized, in places enough to be 
extracted as second-cliss ore, but on the whole no important amount came from 
this source. As stated above, a small chamber of oxidized ore was stoped on the 
fourth level, this forming practically the bottom of the ore body. A winze sunk 
in early days from the surface happened, curiously enough, to strike the deepest 
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neck of the ore body, a fact which naturally raised greater expectations as to its 
size than were to be fulfilled. On the north side of this stope on the fourth 
level a small body of red oxide and carbonates was found l^^ing on the quartzite 
wall of the fault mentioned above. 

The gangue consisted of the decomposition products of limestone and 
porphyrj'. Among these are kaolin^ limonite, and oxides of manganese, together 
with a variable amount of quartz, not enough, however, to give the ores a siliceous 
character. 

Kaolin, in |)art very pure, occui-s extensively in the Longfellow mine. On 
the first level all transitions may be seen between softened and pyritic porphyry 
and almost pure kaolin. It would probably be incorrect, however, to say that all 
of the kaolin is derived from this rock. On the second level of the Eiast Yankie 
there are large kaolin stopes adjoined by large masses of limonite. No evidence 
of porphyry was found here and the mineral seems to be derived from shale or 
shaly limestone. The kaolin is extracted for use as converter lining. 

All of the gangue minerals thus far enumerated are clearly decomposition 
products due to the oxidizing effect of surface waters. The available evidence 
points to the conclusion that the primary substance consisted of the same altered 
limestones which are now found on the outskirts of the ore body, and that its 
composition included ttilcite, garnet, epidote, pyroxene, and amphibole, with 
magnetite, pyrite, chalcopyrite, and zinc blende as ore minerals, the latter three 
disseminated or as small seams. Zinc blende is reported to have occurred in 
places on the lower levels. It is certain that the adits contain efflorescences of 
the sulphates of zinc and magnesia. 

The ore body resulted from the surface oxidation, and attendant concentration 
of copper, of rocks like the altered limestone described from the fourth level at 
the contact with the porph\'ry; this limestone probably contains from one-half per 
cent to 1 per cent of copper. As it has been shown that oxidation has penetrated 
to the fourth level, the possibility of finding other bodies may be conceded. The 
exploration should be directed either northward toward the great quartzite fault 
or southward by crosscutting the two porphyry dikes yet to be encountered 
beyond the south dike. To judge from the developments in the East Yankie 
mine, liodies of clialcocite ore may well occur along the quartzite fault. ^ 

The fault exposed on the fourth and third levels in part forms the limit of the 
ore, and probably is to some extent responsible for the outlines of the ore body 
by facilitating the descent of oxidizing solutions. The ores also show a distinct 
tendency to follow the porphyr}' contacts. This may be partly duo to the more 

" Since the above whm written I hiive l>een informe<l that gixxi bodies of ehalcocite ore have been found in the 
vicinity of the quartzite fault by crooscuiting north from the first and second levela^f the Longfellow incline. 
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abundant presence of oxidizing solutions in the porous porphj^ry, but also points 
to a greater percentage of chalcopyrite in the limestone adjoining the porphyry, 
a fact abundantly proved at many other places near Morenci. 

The general character of the Longfellow ores is shown by the following 
analyses. A sample taken in 1880 by Wendt from one of the big stopes gave: 

Analysis of copper ore from Longfellow mine (1880). 

Per cent. 
CJopper 38.80 

Silica 11.15 

Ferric oxide 11. 56 

An average sample from over 1,000 tons of ore, taken at the same time, gave: 

Analysis of average sample of copper ore from Longfellow mine (1880). 

Per cent. 
Copper 17.17 

Silica 26.80 

Ferric oxide 15. 29 

Manganese oxide 7. 49 

The character of the ore taken out at present is shown by . the following 
analysis: 

Analysis of copper ore from Longfellow mine (1902). 

Per cent. 
Insoluble 43. 17 

Iron 18.08 

Copper 5. 10 

Manganese 93 

Lime 1.68 

A technical anal^^sis of the porphyry from one of the dikes at the Long- 
fellow mine indicates that it corresponds in general with the other masses of 
porphyry at Morenci. The analysis shows, besides, a small percentage of pyrite 
and verv little chalcocite. The analysis runs as follows: 

Analysis of porphyry from dikes at Longfellow mine. 

Per cent. 

Silica 72.56 

Ferric oxide 2. 23 

Alumina 14. 80 

Lime trace. 

Magnesia trace. 

Pvrite 2.51 

Chalcocite 15 

Alkalies 4.24 
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WEST SLOPE OF MODOC MOUNTAIN. 

^Hje area of ah^n^ limfrst/^ne we-t of the Longfellow mine, between it and 
the Va^'apai boi.**t. «how« a numlier of <(urface pit* with large amounts of epidote 
rrx;k. From the«^ much oxidiz^-d ore wa.-* extracted in the early days of the 
camp, but hard and nonoxi^lized rock carrying pyrite and chalcopyrite wa.s 
found at no great depth. The Montezuma workings, psrtly open cuts, adjoin 
the Vavafjai on the south and contain l¥>th fi>'*ure vein?i and beds of >hale, with 
dis^fmiriateil oxidiz^fd ores. IV>th of the>*f mines will be describe later. High 
up on the north .slop*? of Mo^Uxr limestone are the Modoc open cuts. A fair 
amount of oxidiz«fd copj^er ores lia.-* Ijeen extracted at this place, but no work is 
i»rriif^l on at present. The principal ore mineral was blue chrysocolla. associated 
with cop[><?r'pit^:h ores and amtained as irregular Ixidies and ;«eams in a garnet 
rrx'k fjartly de<Mim[K>sed to limonite and quartzose cellular masses. 

S'veral smaller pros|KH::t.s and optf*n cuts are noted along and jast below the 
ganiet UH-k on the north side of Mck1o<* Mountain, but there are no ore bodies 
of imjKirtaniM*. 

Fifteen hundred feet sr>uthwest of the summit, in the little gully running 
down iff the hmelt4?r. the I>*troit ore l>ody outcropped below overhanging dark- 
brown cliffs of garnet ro<*k, and 8<H> feet farther southwest the Manganese Blue 
mine is rear^hed. Ik>th of these desene more detailed description. Briefly, each 
of them contain several tabular deposits of oxidized copper ores in nearly hori- 
z^intal strata of more or less altered limestone and shale. Both of them are 
confined ^K;tween two d\'kes of acidic porphyry, 500 feet apart, coursing north- 
east4*rly in the direction of the summit of Modoc Mountain. But they are 
separated by the great Copper Mountain fault, so that the ores in the Detroit 
are contained in the strata of Carl>oniferous and Devonian age, while those of 
the Manganese Blue are contained in the Ordovician limestones. 

DETROIT MINE. 

/^rodu^fum and tUi^elopment, —The Detroit mine, belonging to the Arizona 
Copper Company, is one of those rich dep)osits of carbonates and cuprite in 
lirnestoiHi whic^h lie a short distance south of the main contact of the porphyry 
at Mor(»nci. In contrast to the Longfellow mine, it consists mainly of several 
or('-b(»aring horizons in limestone, separated by barren material. 

The (l<»j)OHit was discovered in 1884 and yielded for some years at the -rate 
of sevenil thousand tons ]km' month. For nine years following the fii'st period 
of gn»at ])r()ducti()ii about 500 tons per month were extracted from the mine, 
and for niuny ' years this and the Longfellow mine formed the two mainstays 
of tln^ production of the Arizona Copper Company. At the present time the 
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deposit is practically worked out, though a little ore is still extracted from 
»onio of the slopes. The total production of the mine probably amouota to 
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something like loU,ulHi tons. Most of the ore was undoubtedly very rich. 
Though of little economic importance at present, the deposit is of great interest 
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ami hiM 4 Ii*v<>ii* 'd(ft-ntkin of ^^Uar. -LSj?4 ff«ti; tfan*^ workings «!i:>iiiL<iwt with the 
ipp^r !e7«^ of the Joj ^baft. <Ktcate<i -!••' feet to the northnk^ frosL thi:<^ poanc 
The rr^aa^ of tlie Joj *badt ha» an de^adoa of l.?^ f«»et. Th^ ^seirofiii leveL the 
^ie^ation of «hif^ L^ 4:.<>^ feec •rofiiiect"^ with the hottook lexel of the I>Knxt 
*tiAft^ The Hamming Bird <of0>r^, a *»faorc dintmaee ^^st of the EMroct ^^haft. 
of^n •direetlT on the little gckh which join?^ Mor»ei Canr«xi at the ^meher. 
The «hifcft aari aditj* are ooBoe^TtiHi Sj a maize of irregntar ^ope^ aad workups 
formin^r the oU ore Vxtie^. The worked groaod occupies a !»pace of afooot $•> 
07 ^••; feet and He^ between two porphjrr dike;* ■!•» feet distant from each 
ocber. The f^^-^^led Sooth «haft feleTatioo of colkar 4.^^ feeti wa^ >ank some 
j^ar* ago u> a depth of -l*** fret f^j the Detroit Copper Cocnpanr to explore 
the w^tem portion fjff thhj Mock «'h>-e to the Copper Moontain fault. It is 
inAt ofit^vtk the we^ line of the Detroit daim and inacce&siMe at the present 
tiirie. 

/>VV/>/y, — The Uoek fjff groand in which the Detroit mine is^ sitoated liesr on 
the «!di^ %ide of the imat Copper Mountain fanlt, as far as expoti^ed by mine work- 
inif^ It con.«i«tj* of the normal Paleozoic !9eries from the Carboniferoa^ to the 
ripi^r part of the ?!^ilnrian. The hedi* dip gently westward, in places turning more 
«//rithwe>4erlj« at angi«3i» of up to :9r'. The average dip is probably not more 
than ]*>'. The upper !•» feet con^i^t of the horizon of Modoc limestone fCar> 
Uinfferou^;. wbi/rfa 'iccupie!4 the whole 7«onthwestem slope of Modoc Peak. Its 
larger and upper parti hriwerer. is here entirely metamorphosed to a heary sheet 
f4 dark-brown garnet rrjck. the lower part of which contains copper ores. As 
elsewhere, iirnonite and ^^econdary quartz occur as products of decomposition of 
garnet. Below thl» follow 25 feet of less-altered limestone, of the same horizon, 
in part *haly. which again i* underlain by 75 to !•» feet of dark-gray Morenci 
^hal'^ (Ih'.voniBnif, Thf?^ are hardened and have undergone considerable meta- 
moqihii^m by the apfiearanr-e of amphiU>le and epidote. but their bedding is easily 
re#r/>grii;5ed, A hard^ dense, and crimparatively little-altered argillaceous limestone, 
the lower rneniUrr of the Morenci formation, underlies the shale. Mr. Gordon 
Mol>'ari -tatf^s that verv fre^b limestone was found near the bottom of the South 
nlmft whirh contained much zinc blende and a little copper (as chalcopyrite). This 
rimt.erial al-^f contained 2 ounces of silver per ton. This block of sediments 
continue* northward towarri the main porphyry contact, at least to the Blue shaft, 
without much di■•ru^^lance, A^KiUt VH) feet f>elow the collar of the latter the 
Moren'i shahr-? an: again encountered in their proper position. 
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Two porphyry dikes of great importance cut the strata of this block and 
limit the ore on the northwestern and southeastern sides. They are from 400 to 
600 feet apart. Their outcrops are diflScult to trace continuously on the surface, 
but the workings give abundant evidence of their position. The northwesterlj'^ 
dike, which may be called the Joy dike, comes from the irregular masses of 
porphyry near the schoolhouse and continues to the Blue shaft, partly hidden under 
dumps, etc., and thence northeasterly to the Joy mine, here forming the foot wall of 
the Joy vein. From here it continues to near the summit of Modoc Peak and, 
crossing it, descends with the same direction on the steep easterly slopes of this 
point. The second dike, which ma}'^ be called the Humming Bird dike, shows 
first at the post-oflSce near the Detroit Company's oflSce, where it is surrounded 
by a considerable mass of epidote and garnet and continues along the southeast 
side of the main stopes of the Detroit mine up along the little gulch emptying 
at the smelter. Both dip northwest at angles of about 60^ to 70^. The Copper 
Mountain fault dislocates both dikes, the east side of the fault showing a south- 
easterly horizontal throw of 50 or 70 feet. 

Ore bodies, — The cap rock of garnet, 75 to 100 feet thick, contains copper 
stains in places, but rarely payable ore. The main ore body is situated imme- 
diately below this heavy garnet rock and averages 25 feet thick. Underneath 
this lie 25 feet of lime shales. The second ore body, about 5 feet thick, under- 
lies this stratum and is again succeeded by 75 feet of barren clay shale. Below 
this is a third horizon of ore bodies, which, however, have proved unsatisfactory 
in grade and extent. Extensive prospecting operations by aid of diamond drill 
have failed to show further ore bodies below this. Drill holes from the bottom 
of the Detroit shaft have penetrated into the p)orphyry of the Humming Bird 
dike and revealed the fact that this porphyry widens considerably in depth. 
The greatest depth reached by the drill is 300 feet vertically below the bottom 
of the shaft. 

The Humming Bird stopes on the upper ore body open to daylight in the 
little Smelter Gulch, just below the overhanging garnet rock. The thickness of 
this ore body varies from 1 to 40 feet, averaging 25 feet. Along the east side 
of the Humming Bird dike for a distance of 400 feet it is thickest, and the first 
and second ore bodies here practically join. There is no sharp line separating 
the first ore bod 3^ from the garnet rock; smaller masses of this mineml, in 
places crystallized, were found in the gangue, which besides consisted of quartz, 
hematite, and kaolin. The ore is entirely oxidized and chiefly contains malachite 
and azurite, in places associated with lilack, eailhy manganese ore and copper- 
pitch ores. Chalcocite and cuprite occur rareh\ The general character of the 
ore is not strongly hematitic as in the Shannon mine; neither does silica prevail. 
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liir»<r<l at I'm, 175. 273, and 375 feet from the surface, the lowest thus having 
tt(i (J<:v-«tiori "f ■iA'iH fi'«t. Thi- workings include manv thousand feet of drift* 
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and stopes on the several levels; two long exploratory drifts extend up toward 
the northwestern end of Copper Mountain claim on the second level (elevation, 
4,680 feet). 

The ores occur in the limestone and shale as five more or less regular beds. 
To the northwest of the Blue shaft, closer to the porphyry of Copper Mountain, 
are a number of smaller irregular deposits, chiefly in limestone. 

Geology, — The sedimentary rocks near the Manganese Blue mine are well 
within the metamorphic zone, and the exact identification of the strata is diflScult. 
The Copper Mountain fault, frequently referred to above, runs along the center 
line of the Copper Mountain claim and divides the sedimentary beds into two 
parts. The fault crosses the hill between the smelter and the Detroit Copper 
Company's store in a north-northwesterly direction; its exact position on the 
surface is known with certainty only for a few hundred feet northwest of the 
smelter and at the Copper Mountain adit, but the underground workings locate 
it with exactness in several places and on several levels. The dip of the fault 
plane is about 63^ NE. or NNE. The vertical throw is about 225 feet, and the 
horizontal movement of the northeast block is about 70 to 90 feet east-southeast, 
as shown by the dislocation of the p)orph3-ry dikes in the mine on the first, 
second, and fourth levels. The rocks are greatly crushed near the fault, and 
often there are two or three parallel planes within a few feet. 

Near the smelter the surface stratum of the northeast fault block consists of 
the heavy garnet into which the Modoc limestone is altered. But higher up on 
the hill and on the north slope, at the bunk house, and in the rear of the supply 
depot, the principal rocks exposed are dark-green, hard, metamorphic shales of 
uncertain horizon. Possibly there is another dislocation along the contact of the 
main garnetized area. 

The rocks exposed on the surface on the southwest side of the Copper 
Mountain fault are different. On the summit of the hill and along the upper- 
most railroad track to the smelter crystalline limestone is exposed, sometimes 
greenish from admixed serpentine. At the Detroit Copper Company's ofiBce a 
large amount of garnet and epidote adjoins both sides of a porphyry dike, and 
a little more garnet is exposed 200 feet farther north on the same track. 

According to Mr. McLean the rocks exposed in the Old Blue shaft are as 
follows, beginning from the top of the hill: 60 feet limestone, 60 feet garnet 
rock, 50 feet limestone, and 25 feet quartzite. Below this last is fresh-looking lime- 
stone. It is probable that the upper part of this section corresponds to the top 
of the Longfellow formation, and that the bottom of the Old Blue shaft is very 
near the top of the Coronado quartzite. The long drifts on the second level 
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up toward the northwestern end of the Copper Mountain claim chiefly cut shaly 
limef<tone. with .some quartzite. pro^lably about the middle part of the Longfel- 
low formation. Thesi? rocks are g^rayish or brownish and are cut by numerous 
seam.^ of pyrite and magnetite. Thin sections show that these rocks are much 
more altere^l than their app^'arance indicates and contain disseminated tremolite 
needles as well as grains of pyrite and <*halcopyrite. with which magnetite is 
frequently intergrown. 

On the surface near the mouth of the Copper Mountain adit, the limestones are 
greatly altered and contain much (»pidote and magnetite. Large masses of mag- 
netite, partly oxidized to hematite and limonite^ occur on the east side of the fault 
on ^K>th sides of the Joy pcirphyry dike. This iron ore has been extensively 
stojK^d and used as flux: it contains a small amount of oxidized copper ores. 
Thes^j iron ores rxicur in general as horizontal l>eds of a maximum thickness of 20 
feet. Aliove them garnet prevails, intergrown with magnetite and oxidized by 
copjK-r c^rUmates and limonite, and below lies a cupriferous, partly metamorphosed 
cla\' shale. Similar iron stopes oc^cur to the west of the great fault, extending 
along it northward of the Blue shaft, chiefly at a horizon of 40 feet below the 
collar of the shaft. The })eds southwest of the fault are nearlv horizontal, while 
on the northeast side they have a slight southwest dip. 

The main ore Ixxlies of the mine are contained between the same two porphyry 
dikes which limit those of the Detroit claim. On the northwest side is the Jov 
dike, continuous from the Joy mine. Seen on the first level of the Manganese Blue 
mine is a soft, very much decomposed porphyry, 40 to 70 feet wide, often containing 
vertical s^mms of pyrite. It shows on the surface 100 feet southeast from the Blue 
shaft. The Humming Bird dike lies on the southeast side and is exposed on the 
surface near the Detroit Copper Company's oflice. The workings beloM were not 
accessible, but the position of the dike was indicated by Mr. McLean. The 
exploratory drifts on the second level have struck the main mass of porphyry 
about &H) feet west-northwest of the Blue shaft. One or two smaller dikas without 
ore bodies were encountered in the lime shales between this mass and the Joy 
dike. The main porphyry on the second level is a whitish, rather hard rock con- 
sisting chiefly of sericite, quartz, and pyrite, the latter both disseminated and in 
veinlets. 

(hr IkkUhh, — The ores in the Manganese Blue mine occurred on four prin^i- 
pal horizons and were confined within a horizontal space of 400 by 300 feet. On 
the northeast they were all squarely cut oflt by the Copper Mountain fault, and 
gradually thinned out within 3(M) feet. On the other side they were limited by 
th(^ two porphyr\' dikes and often abutted against them. Vertically they were 
(•()ntain<»d within a distance of 225 feet. Below 60 feet of crvstalline limestone 
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extended the first ore horizon, forming a solid sheet of high-grade azurite and 
malac;hite ore stained by manganese; this had a thickness of 2 to 10 feet. The 
second body of carbonates was situated 60 feet lower down under a heav\' mass 
of garnet rock; it was from to 25 feet thick, and like the others was cut off 
by the fault. The third ore body occurred below 50 feet of limestone in a stra- 
tum of shale; the ore consisted of cuprite disseminated in this shale. The fourth 
ore body was found below 25 feet of sandstone or quartzite and consisted of 10 
to 20 feet of shale impregnated with cuprite. Some ore also occurred on the 
fault near this ore body and was followed down for 100 feet to the fourth and 
lowest level. It was a narrow pipe-shaped shoot and ran out for some distance 
in the hanging of the fault on this level. There was only a small amount of 
this ore, which, near the South shaft, changed into very fresh limestone with 
much zinc blende and some copper (probably chalcopyrite). The Old Blue shaft 
w^as sunk about 100 feet below the lowest ore body, in fresh hard limestone 
without ore. 

Ver}'^ little ore was found east of the fault. The South shaft struck the 
westerly end of the Detroit ore horizons. Just northwest of the Jo}^ dike at the 
Blue shaft a little ore is mined at the present time, consisting of cuprite and 
malachite with much gypsum disseminated in shales, lying 20 feet below the iron 
stopes. 

The second level extended northwesterly from the Joy dike on the fault; it 
encountered no values except at a point 120 feet from the shaft, where a small 
amount of oxidized ores was extracted from the foot- wall side. From here on to the 
main porphyry contact practically no ore was found. The shaly limestones con- 
tained pyrite and chalcopyrite. Pockets and very irregular masses of malachite 
and azurite were, however, contained in the limestone 150 to 200 feet above this 
level, not far from the contact of the principal porphyry area, and they may 
well have resulted from the oxidation of these disseminated chalcopyrite ores. 
No payable ore occurred in the Humming Bird dike, but a little chalcocite ore 
was found in the Joy dike to the west of the Blue shaft. There was, unfortu- 
nately, no opportunity to examine the gangue of these ore bodies, as the^^ are 
worked out and the stopes inaccessible; but their occurrence is so similar to that 
of the Detroit horizons that it is probable that here too the gangue consisted of 
garnet, epidote, and tremolite, with their products of oxidation. 

It is interesting to note the close relation of the ore bodies of the Detroit 
and Manganese Blue mines to the porphyry dikes and their apparent independ- 
ence of any fissures or faults. That the Copper Mountain fault is later than the 
development of the primary bodies of sulphide ore is certain, but the oxidation 
of these sulphides has taken place since the fault was formed. 
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WEST SLOPE OF MODOC MOUNTAIN. 

The area of altered limestone west of the Longfellow mine, between it and 
the i'avapai hoist, shows a number of surface pits with large arfiounts of epidote 
rock. From these much oxidized ore was extracted in the early days of the 
camp, but hard and nonoxidized rock carrying p^^rite and chalcopyrite was 
found at no great depth. The Montezuma workings, partly open cuts, adjoin 
the Yavapai on the south and contain both fissure veins and beds of shale, with 
disseminated oxidized ores. Both of these mines will be describ(?d later. High 
up on the north slope of Modoc limestone are the Modoc open cuts. A fair 
amount of oxidized copper ores has been exti*acted at this place, but no work is 
carried on at present. The principal ore mineral was blue chrysocolla, associated 
with copper-pitch ores and contained as irregular bodies and seams in a garnet 
rock partly decomposed to limonite and quartzose cellular masses. 

Several smaller prospects and open cuts are noted along and just below the 
garnet rock on the north side of Modoc Mountain, but there are no ore bodies 
of importance. 

Fifteen hundred feet southwest of the summit, in the little gully running 
down to the smelter, the Detroit ore body outcropped below overhanging dark- 
brown cliffs of garnet rock, and 8(K) feet farther southwest the Manganese Blue 
mine is reached. Both of these deserve more detailed description. Briefly, each 
of them contain several tabular deposits of oxidized copper ores in nearly hori- 
zontal sti^ata of more or less altered limestone and shale. Both of them are 
confined between two dykes of acidic porphyry, 500 feet apart, coursing north- 
easterly in the direction of the summit of Modoc Mountain. But they are 
separated by the great Copper Mountain fault, so that the ores in the Detroit 
are contained in the strata of Carl>oniferous and Devonian age, while those of 
the Manganese Blue are contained in the Ordovician limestones. 

DETROIT MINE. 

PnxlHctwn and development. — The Detroit mine, belonging to the Arizona 
Copper Company, is one of those rich dep)osits of carbonates and cuprite in 
limestone which lie a short distance south of the main contact of the porphyry 
at Morenci. In contrast to the Longfellow mine, it consists mainly of several 
ore-lH»aring horizons in limestone, separated by barren material. 

The deposit was discovere<l in 1684 and yielded for some years at the- rate 
of several thousand tons per month. For nine years following the first period 
of great pnxluction about 5<M"> tons per month were extracted from the mine, 
and for manv ' years this and the Ix)ngfellow mine formed the two mainstavs 
of the prinluction of the Arizona Copper Comi^any. At the present time the 
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from a scientific standpoint, for its structure can be ascertained with accuracy. 
The ore bodies are opened by means of the Detroit shaft, which is 224 feet deep, 
and has 4 levels (elevation of collar, 4,884 feet); the workings connect with the 
upper levels of the Joy shaft, situated 400 feet to the northeast from this point. 
The collar of the Joy shaft has an elevation of 4,889 feet. The second level, the 
elevation of which is 4,655 feet, connects with the bottom level of the Detroit 
shaft. The Humming Bird stopes, a short distance east of the- Detroit shaft, 
open directly on the little gulch which joins Morenci Canyon at the smelter. 
The shaft and adits are connected by a maze of irregular stopes and workings 
forming the old ore bodies. The worked ground occupies a space of about 3()0 
b}^ 400 feet and lies between two porphyry dikes 400 feet distant from each 
other. The so-called South shaft (elevation of collar 4,894 feet) was sunk some 
years ago to a depth of 400 feet b}^ the Detroit Copper Company to explore 
the western portion of this block close to the Copper Mouatain fault. It is 
just outside the west line of the Detroit claim and inaccessible at the present 
time. 

Geology. — The block of ground in which the Detroit mine is situated lies on 
the east side of the great Copper Mountain fault, as far as exposed by mine work- 
ings. It consists of the normal Paleozoic series from the Carboniferous to the 
upper part of the Silurian. The beds dip gently westward, in places turning more 
southwesterly, at angles of up to 20^. The average dip is probably not more 
than 10^. The upper 100 feet consist of the horizon of Modoc limestone (Car- 
boniferous), which occupies the whole southwestern slope of Modoc Peak. Its 
larger and upper part, however, is here entirely metamorphosed to a heavy sheet 
of dark-brown garnet rock, the lower part of which contains copper ores. As 
elsewhere, limonite and secondary quartz occur as products of decomposition of 
garnet. .Below this follow 25 feet of less-altered limestone, of the same horizon, 
in part shaly, which again is underlain^ b}^ 75 to 100 feet of dark-gray Morenci 
shales (Devonian^). These are hardened and have undergone considerable meta- 
morjjhism by the appearance of amphibole and epidote, but their bedding is easily 
recognized. A hard, dense, and comparatively little-altered argillaceous limestone, 
the lower member of the Morenci formation, underlies the shale. Mr. Gordon 
McLean stjites that very fresh limestone was found near the bottom of the South 
shaft which contained much zinc blende and a little copper (as chalcopyrite). This 
material also contained 2 ounces of silver per ton. This block of sediments 
continues northward toward the main porphyry contjict, at least to the Blue shaft, 
without much disturbance. About 100 feet below the collar of the latter the 
Morenci shales are again encountered in their proper position. 
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At one place a small mass of unaltered limestone dipping 15^ SW. was found 
below the garnet cap. 

The second ore body is much thinner, but contains about 5 feet of clean ore 
accompanied by a gangue of yellowish altered rock. The roof is well defined 
from the ore and consists of gray limestone, usuall}' looking comparatively 
unaltered and sometimes peculiarly pitted as if by the action of corrosive 
solutions. Dips of 16^ SW. were observed in this limestone. Hematite is not 
present in great quantities. The brownish or yellowish gangue is porous and of 
light weight. Sampler contained 17 per cent water and chiefly consisted of a 
silicate of ferric iron, lime, and magnesia, with only small quantities of alumina. 
Thin sections show that decomposing epidote and amphibole, the latter in fine- 
felted form, are the principal gangue minerals; garnets were noted in a few 
places. The rock is clearly a metamoi'phosed clay shale. The ores consist again 
of azurit^ in bunches of crystals, replacing shale, and microcrystalline malachite. 
Chloritic and serpentinoid products form from the gangue, and kaolin also certainly 
develops in the shale, usually- assuming the form of semitransparent nodules, 
generally surrounded by impure limonite. The kaolin and chloritic products are 
doubtless due to oxidizing action. 

The extreme western ends of the first and second ore bodies were found in 
the South shaft on the ground of the Detroit Copper Compan}*. 

The main body of shale below the second ore body is a hard greenish gray 
rock, breaking in sharp fragments; vertical, narrow p3'rite seams are often 
observed in it. Under the microscope it shows considerable alteration and con- 
sists, like part of the gangue in the ore body, of a felt of amphibole needles. 
This metamorphosed shale contains, as a rule, no ore except occasional films of 
cuprite. 

The third ore level, below the main mass of shale, is of little value. No 
ore occurs on this level along the Humming Bird dike. Bunches and pockets of 
ore are found between the shale and the underlying dense Devonian limestone, 
which appears little altered. The small ore bodies often occur at fracture lines 
which connect with the overlying second ore body. The ores consist of mala- 
chite associated with black manganese ore, but no sulphides were found. 

The porphyry dikes, as a rule, contain no ore, but are sometimes cut by 
veitical seams of pyrite. 

Sunnning up the characteristics of this deposit, we first note the tendency of 
the ore bodies to develop along the bedding plane, both in limestone and shale, 
though not in the main mass of the chi}' shale. Oxidation has been very active, 
and the only sulphides now present consist of a small amount of p^^ite in the 
porphyry and shale in perpendicular seams. The copper carbonat43s are probably 
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due to the decomposition of chalcopyrite. The presence of zinc in oxidized 
form and as sulphide in the deepest part of the South shaft makes it likely that 
here, as elsewhere, it entered as zinc blende, together with pyrite and chalcopy- 
rite in the primary ore, and that its removal was due to surface oxidation. 
Kaolin, quartz, and limonite are also products of oxidation. 

While the evidence at this place does not show conclusively' that the sul- 
phides were deposited during the time of the metamorphism of the rocks — that is, 
contemporaneously with the formation of the garnet, epidote, and amphibolite 
from the limestones and shales — it seems extremeh^ probable that such was the 
case. As usual in the district, the metamorphism has not affected the beds 
equally; for while the Modoc limestone is thoroughly garnetized and while the 
shale is unusually altered, the Devonian limestone seems in places at least 
remarkablv fresh. The presence of a strong vein on the foot wall of the Jo}'^ 
dike and the occurrence of stringers of pyrite in the limestone show that much 
mineralization has taken place since the consolidation of the porphyry, and yet 
these phenomena do not appear, as far as the evidence goes, to be at all causall}^ 
connected with the mebimorphism. The solutions circulating on these fissures 
would scarcely seem sufficient cause for the great amount of metamorphic action 
in the sediments. The ore })odies are more closel}^ connected with the Humming 
Bird dike than with the Joy porphyry" and fissure vein, for, while lying up 
closely against the former, they generally do not quite reach the latter. 

MANGANESE BLUE MINE. 

Production and devehpinent. — The mine known under this name belongs to 
the Detroit Copper Company and is situated in the center of the town of Morenci. 
It is confined within the limits of the Copper Mountain claim. The ore bodies 
were most actively exploited from ten to fifteen 3^ears ago and furnished a large 
amount of high-grade carbonate ore. Before the discovery of the great masses 
of chalcocite ores below Copper Mountain the Manganese Blue was for many 
years the main support of the Detroit Copper Company, just as the Longfellow 
and Detroit mines were of the Arizona Copper Company. At the present time 
the deposits are practically exhausted, though a little ore is yet extracted. The 
old workings are not accessible now, and the description of the principal ore 
bodies has been obtained from Mr. Gordon McLean, the superintendent of the 
company. 

The property is developed by the Old Blue shaft, now abandoned, 400 feet 
deep and located in the center of the producing area. The present workings lie 
a little northward and are opened by the Blue shaft, situated 500 feet northeast 
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of the Detroit Copper Company's store, and about the same distance west of the 
Detroit shaft. Its collar has aa eleration of 4,853 feet and four levels are 




turned at IflO, 175, 275, and 375 feet from the surface, the lowest thus having 
an elevation of 4,478 feet. The workingiJ include many thousand feet of drifts 
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and stopes on the several levels; two long exploratory drifts extend up toward 
the northwestern end of Copper Mountain claim on the second level (elevation, 
4,680 feet). 

The ores occur in the limestone and shale as five more or less regular beds. 
To the northwest of the Blue shaft, closer to the porphyry of Copper Mountain, 
are a number of smaller irregular deposits, chiefly in limestone. 

Geology. — The sedimentar}' rocks near the Manganese Blue mine are well 
within the metamorphic zone, and the exact identification of the strata is difficult. 
The Copper Mountain fault, frequently referred to above, runs along the center 
line of the Copper Mountain claim and divides the sedimentary beds into two 
parts. The fault crosses the hill between the smelter and the Detroit Copper 
Company's store in a north-northwesterly direction; its exact position on the 
surface is known with certaintv onlv for a few hundred feet northwest of the 
smelter and at the Copper Mountain adit, but the underground workings locate 
it with exactness in several places and on several levels. The dip of the fault 
plane is about 63*^ NE. or NNE. The vertical throw is about 225 feet, and the 
horizontal movement of the northeast block is about 70 to 90 feet east-southeast, 
as shown by the dislocation of the porphyrj^ dikes in the mine on the first, 
second, and fourth levels. The rocks are greatly crushed near the fault, and 
often there are two or three parallel planes within a few feet. 

Near the smelter the surface stratum of the northeast fault block consists of 
the heavy garnet into which the Modoc limestone is altered. But higher up on 
the hill and on the north slope, at the bunk house, and in the rear of the supply 
depot, the principal rocks exposed are dark-green, hard, metamorphic shales of 
uncertain horizon. Possibly there is another dislocation along the contact of the 
main garnetized area. 

The rocks exposed on the surface on the southwest side of the Copper 
Mountain fault are different. On the summit of the hill and along the upper- 
most railroad track to the smelter crystalline limestone is exposed, sometimes 
greenish from admixed serpentine. At the Detroit Copper Company's office a 
large amount of garnet and epidote adjoins both sides of a porphj^ry dike, and 
a little more garnet is exposed 200 feet farther north on the same track. 

According to Mr. McLean the rocks exposed in the Old Blue shaft are as 
follows, beginning from the top of the hill: 60 feet limestone, 60 feet garnet 
rock, 50 feet limestone, and 25 feet quartzite. Below this last is fresh-looking lime- 
stone. It is probable that the upper part of this section corresponds to the top 
of the Longfellow formation, and that the bottom of the Old Blue shaft is very 
near the top of the Coronado quartzite. The long drifts on the second level 
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Up towani the northw«^»tiTn end of the Copper Mountain claim chiefly cut shaly 
lifiiefjtone. with .s^mie quartzite. pro^iaW\' about the middle part of the Lon^el- 
low formation, The?»e rrxrk*? are grayish or brownish and are cut by numerous 
fieam^ of pyrite and magnetite. Thin >ectionrj show that these rock?? are much 
more altere^l than their appearance indicates and contain disseminated tremolite 
nee^lle-^ as well a«? grains of pyrite and chalcopyrite, with which magnetite k 
frequently intergrown. 

()ii the -.urface near the mouth of the Copper Mountain adit, the limestones are 
gn^atly altered and contain much e pidote and magnetite. I^rge masses^ of mag- 
netite, fjartly oxidiz*-d Ut hematite and limonite. occur on the east <ide of the fault 
on ^lOth sides of the Joy fK>rphyry dike. This irf>n ore has been extensively 
sto[Xfd anrl usf;d as flux: it contains a small amount of oxidized copper ores. 
Thej4*; iron ores occur in general as horizontal Ijeds of a maximum thickness of :^» 
fi*^;t. Aliove them garnet prevails, intergrown with magnetite and oxidized by 
copfXfr c!ar^K>nates and limonite. and below lies a cupriferous, pjirtly metamorphosed 
clay shale. Similar iron stopes occur to the west of the grt^at fault, extending 
along it northward of the Blue shaft, chiefly at a horizon of 4o feet below the 
collar of the nliaft. The >>eds southwest of the fault are nearlv horizontal, while 
on the northifast side they have a slight southwest dip. 

The main ore >Kxlies of the mine are contained between the same two porphyry 
dikes which limit thos^; of the Detroit claim. On the northwest side is the Jov 
dike, continuous from the Joy mine. Seen on the first level of the Manganese Blue 
mine is a s^>ft, very much decomposed porjjhyrj', 40 to 7u feet wide, often containing 
vertical sf»am» of pyrite. It shows on the surface 1(K) feet southeast from the Blue 
shaft. The Humming Binl dike lies on the southeast side and is expose<l on the 
Hurface near the Detroit Copper Company's office. The workings belo\i were not 
arrcessible, but the pfwition of the dike was indicated by Mr. ilcLean. The 
exploniU>ry drifts on the second level have struck the main mass of porphyry 
about ^K)0 feet west-northwest of the Blue shaft. One or two smaller dikes without 
ore lK>dies were encountered in the lime shales between this mass and the Jov 
dike. The main pori)hyry on the second level is a whitish, rather hard rock con- 
sisting chiefly of seri<*ite, quartz, and pyrite, the latter both disseminated and in 
vein lets. 

^h'e hffdien, — The on»s in the Manganese Blue mine occurred on four prinyi- 
pjil horizons and were ironfined within a horizontal space of 4(X) by 300 feet. On 
the northeast they were all squarely cut off by the Copper Mountain fault, and 
gnidually thirmed out within 3(H) feet. On the other side they were limited b}' 
the two porphyry dikes and often abutted against them. Vertically they were 
contained within a distance*, of 225 feet. Below f>0 feet of crvstalline limestone 
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extended the first ore horizon, forming a solid sheet of high-grade azurite and 
malachite ore stained by manganese; this had a thickness of 2 to 10 feet. The 
second body of carbonates was situated 60 feet lower down under a heavy mass 
of garnet rock; it was from G to 25 feet thick, and like the others was cut off 
by the fault. The third ore body occurred below 50 feet of limestone in a stra- 
tum of shale; the ore consisted of cuprite disseminated in this shale. The fourth 
ore body was found below 25 feet of sandstone or quartzite and consisted of 10 
to 20 feet of shale impregnated with cuprite. Some ore also occurred on the 
fault near this ore body and was followed down for 100 feet to the fourth and 
lowest level. It was a narrow pipe-shaped shoot and ran out for some distance 
in the hanging of the fault on this level. There was only a small amount of 
this ore, which, near the South shaft, changed into very fresh limestone with 
much zinc blende and some copper (probably chalcopyrite). The Old Blue shaft 
was sunk about 100 feet below the lowest ore body, in fresh hard limestone 
without ore. 

Ver}' little ore was found east of the fault. The South shaft struck the 
westerly end of the Detroit ore horizons. Just northwest of the Joy dike at the 
Blue shaft a little ore is mined at the present time, consisting of cuprite and 
malachite with much gypsum disseminated in shales, lying 20 feet below the iron 
stopes. 

The second level extended northwesterly from the Joy dike on the fault; it 
encountered no values except at a point 120 feet from the shaft, where a small 
amount of oxidized ores was extracted from the foot-wall side. From here on to the 
main porphyry contact practically no ore was found. The shaly limestones con- 
tained pyrite and chalcopyrite. Pockets and very irregular masses of malachite 
and azurite were, however, contained in the limestone 150 to 200 feet above this 
level, not far from the contact of the principal porphyry area, and the}' ma}^ 
well have resulted from the oxidation of these disseminated chalcop^^rite ores. 
No pa\'able ore occurred in the Humming Bird dike, but a little chalcocite ore 
was found in the Joy dike to the w^est of the Blue shaft. There was, unfortu- 
nately, no opportunity to examine the gangue of these ore bodies, as the}" are 
worked out and the stopes inaccessible; but their occurrence is so similar to that 
of the Detroit horizons that it is probable that here too the gangue consisted of 
garnet, epidote, and tremolite, with their products of oxidation. 

It is interesting to note the close relation of the ore bodies of the Detroit 
and Manganese Blue mines to the porphyry dikes and their apparent independ- 
ence of any fissures or faults. That the Copper Mountain fault is later than the 
development of the primary bodies of sulphide ore is certain, but the oxidation 
of these sulphides has taken place since the fault was formed. 



252 COPPER DEPOSITS OF CLIFTON -MORENCI DISTRICT, ARIZONA. 

has an east-west direction and no doubt represents the continuation of the quartz- 
ite fault north of the Bucket shaft. On the third and fourth levels the coarse 
quartzite near the shaft widens greatly, becomes soft, and contains irregular and 
generally low-grade bodies of ore, consisting of disseminated chalcocite, generall}^ 
appearing as a coating on pyrite cr^'stals. Early in 1902 the north drift on 
the fifth level had penetrated the quartzite and was in porphyry with some ore 
which appeared partly oxidized. According to reports, this drift has since been 
continued to about 225 feet from the shaft in a doubtful, soft, and partly oxi- 
dized rock, with seams of chrysocolla. The wall of the quartzite fault found on 
the third level, 170 feet north of the shaft, has not been recognized, but the 
character of the oxidation leaves little room for doubt that the drift has some- 
where in this vicinity crossed an important dislocation. Exploratory drifts east- 
ward along the direction of the quartzite fault have disclosed considerable masses 
of second-class chalcocite ore in quartzite and some of higher grade. 

On the whole the rocks in this vicinity contain much disseminated pvrite. 
The ore l)odies are due to a partial replacement of this pyrite by chalcocite. 
They seem to occur entirely irregularly and do not have a well-defined shape, 
but gradually fade out into barren rock. Two lines may be distinguished, how- 
ever, converging eastward, along which the payable ore is concentrated. The 
first extends about due east from the shaft; the other follows approximately 
the line of the quartzite fault, the ore occurring in quartzite and porphyry 
chiefly on the south side of it. Exceptionally, and near one of the northward- 
trending faults which cross the quartzite fault, ore has been found on the north 
side of the latter. Surface oxidation has evidently in places penetrated as far as 
the fifth level along the line of the quartzite fault, and this encourages the 
belief that chalcocite may be found in quantit}^ below the fifth level. 

Referring to the shoot at the Bucket shaft it will be noted that the carbon- 
ate ore extended about 30 feet down from the surface; further, that this was 
underlain by a poor zone perhaps 50 feet in depth. The richest chalcocite ore 
was found 120 feet below the surface, and the same ore continued in porphyr}^ 
and quartzite for at least VM) feet to the present bottom of the mine. All of the 
pyritic so-called barren quartzite and porphyry contains a little copper, probably 
averaging one- half per cent. It is believed that the decomposition of this would 
yield enough copper sulphate to account for the chalcocite enrichment on lower 
levels. The mine is situated in a gulch where erosion is somewhat active, a 
thickness of 150 feet of the croppings having evidently been removed at a 
relatively recent date. This may account for the fact that the chalcocite ore is 
here nearer to the surface than it is under Copper Mountain. 
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MONTEZUMA MINE. 

Locatiiin, proihictiim, and deeehprniTit. — The Montezuma mine, \vhich beloDga 
to the Detroit Copper Company, is contained within the limit:^ of an ordinary 
claim, located south of the Yavapai, on the north slope of the gap between 
Copper and Modot; mountains, and at the northern portal of the Montezuma 
railroad tunnel. 

Although not one of the largest mines of the company, a large amount of 
ore has been extracted from the Montezuma, partly from flat deposits in lime- 
stone or tshale, partly from fissure veins in sedimentary rocks or porphyry. 
Much of the ore has been of 
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high grade. The mine does 
not possess those large bodies 
of low-grade chaloocite orea 
found on the Ryerson, Copper 
Mountain, and other claims to 
the north and west. In 1902 
a small amount of cuprite ore 
was extracted from the stopes 
in shale along the Yavapai 
line, and ver}' rich cuprite 
and chalcocite ore was mined 
in the southwestern corner 
from the vein, which farther 
to the southwest is known as 
the Joy vein. 

The developments consist 
of an adit level at an eleva- 
tion of 4,yi>4 feet, 45 feet above the milroad; itO feet lielow this is the so-called 
Waters shaft level, which chiefly explores the ground underneath the railroad 
tunnel: the first level of the Ryerson (elevation 4,748) is also extensively opened 
in this claim. The lowest level is the second of the Ryerson mine (elevation 4,t!88), 
which, however, is confined to a small space below the stopes on the Montezuma- 
Yavapai line. The total developments are approximately a mile in length. 

Geiihiijij. — Sedimentary but nmch -metamorphosed rocks occupy almost the 
whole area of the claim. The highest horizon is that of the Modoc (Carboniferous) 
lime-stoncs, which crop along the southern boundary of the claim; the rocks are 
entirely altered to heavy masses of garnet and epidote. Below this are extensive 
outcrops of Morenci clay shales; they are seen all along the slopes from the gap 
down to the railroad level, and are also exposed in typical development on the 
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and poor streak of pyrite in shale accompanied by efflorescences of chalcantbite; 
250 feet southwest of the adit crosscut it strikes a sheet of porphyry, soon turn- 
ing into a dike, and immediately widens to 24 feet of good chalcocite ore, which, 
however, does not extend far above the level. Less than KM) feet farther on the 
porphyr}' becomes very much crushed and the ore becomes poorer and partly 
oxidized to malachite; this is 12(> feet below the surface. 

On the Waters shaft level, 90 feet below the adit, the vein was first struck 
by a crosscut from the northwest, but at the point encountered proved to be 
barren. It has been followed 32o feet to the southwest corner of the claim; for 
the tii*st hundre<l feet it is in shale widening all along; one set above the level 
the ore is 30 feet wide. For the rest of the distance to the claim line the vein 
is partly in porphyry, generally widening in that rock and partly in shale. 
The greatest width attained is 40 feet. In general the vein ma}" l)e said to be in 
porphyr}' between shale walls, but the porphyr}' runs very irregularly, is faulted 
and crushed, and sometimes sends out horizontal sheets in the shales. The ore 
along this level and atove it is chiefly cuprite, sometimes beautifully crystallized. 
But there is also much chalcocite, and the derivation of the cuprite from the 
chalcocite is very clearly indicated. The ore does not reach the adit level. 
Alx)ve the cuprite, malachite and brochantite are found, but the vein becomes 
almost barren a short distance above where the cuprite ore ceases. The change 
from cuprite to chalcocite takes place along the Waters shaft level. Sixty-tive 
feet below the Waters shaft level and about 280 feet from the surface the 
vein has been opened by the first Ryerson level. It is here very well defined 
and shows 1 to 4 feet of almost solid iron p3'rites in dense gray limestone with 
specks and seams of magnetite, pyrite, and zinc blende. The pyrite in the vein 
contains only about one-half per cent of copi>er. Chalcocite begins to appear 20 
feet above this level and the change to payable ore takes place within a few feet — 
about 20 feet above the level. At the lowest workable stope the i)yrite looks 
rust}' and partly decomposed, and coatings of chalcocite begin to appear. 

As stated above the vein branches northeast of the main chalcocite stopes; 
on the Waters shaft level one fork turns northerh' and has been followed for 
about 300 feet, in which distance it shows 4 to 6 inches of good chalcocite in 
shale. The continuation of the same vein, turning again north-northeast, is shown 
on the first level, where it appears as a narrow pyrite vein in dark-green meta- 
morphic rock. On the second level, about 190 feet below the surface, the same 
vein has been found, but is here up to 5 feet thick, consisting of almost solid 
granular pyrite, with a little quartz, the pyrite containing one-half per cent of 
copper. The vein is well defined with distinct walls and dips SO^ NW.; several 
stringers 1 to 2 inches wide lie in the foot wall and 20 feet away from the 
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greenish-yellow epidote. Below tbJs, on the fir^t and second levels, lie the Morenci 
nhsles, continuous from the exposures in the Detroit mine, and dipping gently 
south westward. In the two deeper levels the sediments probably belong to the 
Longfellow limestone. Toward the Detroit mine these limestones are fairly 
normal, but near the dike they contain very irregular but large masses of epidote. 
alternating with comparatively unaltered limestone. 

There in one porphyi-y dike, the .Icy dike already mentioned in the desi-rii>- 

tioa of the Detroit mine. It is 7i> feet wide on the first level and nearly the same 

^ on the surface. Its course 

"'" £ ^ is northeast, and it seems 

to \>e heading in the direc- 
tion of Modoc Mountain, 
but can not be traced con- 
tinuously on the surface. 
It is believed to continue 
TsT level *79s ft south-Bouthwcst and to be 
identical with the dike bor- 
dering the Manganese Blue 
deposits on the northwest. 
The porphyry appears to 
be of the usual Morenci 
type, but is ordinarily soft 
and sericitized, and con- 
tains many seams of pyrite, 
mostly perpendicular and 
parallel to the walls. 

Ore iiidiet. — The barren 
croppings of the Joy vein 
are thought to be trace- 
able on the surface by a 
])articularly heavy mass of 
.i.u™ V.™ -=ti.u.. u, ..uj ,..u. limonite; on all of the four 

levels the vein is excellently exposed; it has a course of N, 10^ to 30° E., and 
dips toward the west at angles of from 85° to 70^. The walls are well defined 
and the deposit is a normal tissure vein, having a width of up to 50 feet. On 
the first level the vein lies on the northwest side of the porphyry dike and for 
some distance at least follows the contact between that rock and the Morenci 
shale. On the second level the porphyry contact cuts across the south drift, 




zr'O level *esS ft. 



3oafcet 



JOY MINE. 259 

and north of the shaft on this and deeper levels, the vein is contained in shale 
or limestone. The stopes on the fourth level reach the line of the Copper 
Mountain claim, and in the Manganese Blue mine a heavy pyritic vein, which 
may be the Joy vein, was found on the fourth level east of the fault and on 
the southeast side of the dike. 

South of the Jo}^ shaft an excellent ore body was found on the Joy vein 
which extended from the first level or from 130 feet below the surface to a point 
50 feet below the second level. The ore had a width of up to 50 feet, the shoot 
being 200 feet long, and consisted of chalcocite with native copper and some 
cuprite. Below the level indicated it turned into cupriferous pyrite. On the 
fourth level south the vein is very thick and consists in places of a mass of almost 
solid granular pyrite, 50 feet wide, with very little quartz. The wall rock is 
here a sericitized porphyry containing a little, pyrite, magnetite, and zinc blende 
as secondary minerals. On the same level, at the 100-foot crosscut to the Joy 
shaft, the vein is a few feet wide and shows several thick seams of pyrite in 
partly altered limestone. About 50 feet from the vein is a considerable mass 
of epidote; then follows almost unaltered limestone again, which contains seveml 
narrow seams of pyrite, up to 2 inches wide, each surrounded by a zone of altered 
greenish limestone a few inches wide. Analyses have been made of fresh rock 10 
inches from one of these seams, and of the altered zone adjoining the veinlet 
(see p. 172). These analyses show that the alteration is due to replacement of 
limestone by tremolite, pyrite, and zinc blende. At the Joy shaft the limestone 
is again replaced by massive granular epidote. This point is probably not far • 
from the poi-phyry. In the crosscut on the third level the porphyry begins 
close to the shaft and is adjoined by epidote rock, which farther out toward the 
vein changes into less-altered limestone; the line between epidote and limestone 
seems fairly sharp (tig. 11). 

Surface oxidation extends in places, chiefly along the walls of the vein, down 
to the fourth level, but the vein as a whole is not much oxidized below the third 
level. 

The most interesting features of the Joy vein consist in the succession of the 
ores. For 130 feet from the surface the vein is almost barren; below this follows 
a 150-foot zone of cuprite, native copper, and chalcocite, which again, 280 feet 
from the surface, gives place to cupriferous pyrite as a strong primary vein. 
The vein is partly in porphyry, partly in limestone, and offers excellent opportu- 
nities to study the character of vein alteration in the latter rock. 

Much epidote appears near the porphyry dike. The formation of this mineral 
shows no connection with the vein-forming agencies, which it seems to antedate. 
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RYERSON MINB. 

L'Hiaf.ioji and productiwi. — This mine ia one of the moat important of the 
group belonging to the Detroit ('opper Company. It is situated about 2.500 feet 
north of the center of the town of Morenci, on the northeast .ilppes of Copper 
Mountain, descending toward Concentrator Canyon. The surface elevation at the 
shaft is about i,9l^l0 feet. Smaller ore bodies near the surface have been known 
for a long time, but the great resourcea of chalcot^ite ore below Copper Moun- 
tain which are opened by this mine were not known until some ten years ago. 
Since then the exploitation has proceeded actively and the largest production of 
the company is now from this souree. The mine probably averages over 200 
ton« jier day of t-oncenti'ating ore, besidea a considerable quantity of higher-grade 







smelting ore. The ores are entirely of the chalcocitc type, containing few metallic 
minerals other than chalcocite and pyrite. The very large ore reserves indicate 
that it will remain an important producer for many years. 

/)ere/opiiient.—The mine is developed by a very extensive system of drifts 
and <rosscuts on several levels, and the total length of the workings prol»ibly 
aggregates from Lo.OOn to 15,000 feet. From the north access ia obtained by the 
Ryerson upper and lower adits (elevations 4,989 and 4,877 feet) as well as by the 
adit of the first Ryei-son level (elevation +,749). Each of these connects with 
extensive drifts on the lodes. The eastern part of the mine is ojjened 'by the 
Ryerson and West Yankie shafts; the latter, just over the east line of the 
Morenci claim, is the main hoisting shaft, and its collar has an elevation of 
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4,881 feet. Three levels are turned from this shaft, called the first (elevation 
4,749), second (elevation 4,693), and third (elevation 4,633). On the upper levels 
connection is made westward with the Humboldt mine of the Arizona Copper 
Comjmny. On the lower levels connections are established eastward with the 
East Yankie and Longfellow mines. From the West Yankie shaft the ore is sent 
directly to the concentrator, which is situated close by. The workings occupy a 
space of about 1,500 feet from northeast to southwest, and 800 feet in the opposite 
direction. 

Geology, — The geological relations are very complicated. The mine is situated 
on the contact of the main porphyry stock of Copper Mountain with the sedi- 
mentary area. The porphyry contains a great number of inclusions of altered 
sediments, and the limestones and shales contain many porphyry dikes, mainl}' 
with an east -northeast trend. Both inclusions and dikes are apt to be very 
irregular, and it is often very puzzling to connect the areas from the exposures 
on the different levels. The relations are illustrated in PL XVIII and on the 
sections, figs. 12, 13, and 14. 

The sedimentary rocks consist of quartzite, limestone, lime shale, and clay 
shale. Most of the exposures of quarzite are found on lower levels and nearest 
to the main porphyry mass. The best-defined horizon is that on the third level 
noilh of liyerson shaft, where the stratification is well preserved, the dip being 14*^ 
south or southwest. The top of the Coronado quartzite is doubtless present here, 
and the elevation corresponds well with that of the quartzite in the Longfellow 
mine (figs. 5 and 6). But the quartzite is also found farther west in the mine; for 
instance, on the first level below the Ryerson adit, where it is about 100 feet 
higher. The rock is usually very hard and solid; near important veins it frequentl}^ 
contains disseminated pyrite with chalcopyrite, and within the chalcocite zone the 
pyrite crystals are coated with chalcocite. 

The horizon of the shale and limestone exposed between the porphyry dikes 
can rarely be determined and the planes of stmtification are usually indistinct, 
but from the data alreiidy given it is probable that nearly the whole of these 
rocks belong to the Longfellow (Ordovician) limestone. Probably the least-altered 
rock is that exposed near the Ryerson shaft, where it contains smaller, local, sheet- 
like bodies of carbonate ore (azurite and malachite). Along the Yavapai line the 
altered dolomitic limestones are greenish-gray, compact rocks, containing, besides 
remaining calcite and dolomite, much pyroxene, magnetite, pyrite, zinc blende, 
and chalcopyrite. Similar rocks are exposed 30 feet below the first level in the 
Red winze north of the Ryerson shaft, and at many other places. Fipidote appears 
frequently, especially in the shaly rocks. Near the lodes the rocks are often 
crushed and shaly by pressure; some difliculty may be experienced in their proper 
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classification. On the Ryerson lower adit, between the Ryerson and the Humboldt 
veins, a great amount of garnet rock is found, rarely encountered elsewhere in 
this mine. This is a very hard, mottled, greenish and brownish rock, consisting 
of an intimate intergrowth of epidote, garnet, and chalcopyrite. 

On the surface as well as underground porphyry is the prevailing rock, but 
throughout the area it is very difficult to find fresh specimens. As far as can be 
determined all of the intrusive rock is of one kind and may be defined as standing 
between granite-porphyry and quartz-monzonite-porphyry. The freshest rocks of 
the kind were obtained from a dike in the northwest crosscut to the Wellington 
vein from the Humboldt vein, on the first level (specimen 211). This is a hard, 
greenish-gray porphyritic rock with abundant small white feldspar crystals and 
a few small partly bleached biotite foils in a gray, flinty groundmass. The latter 
is a microcrystalline mass of unstriated feldspar and quartz, while among the 
feldspars orthoclase, albite, and oligoclase were recognized. For analysis and 
discussion of this rock, see pages 81-82. A beginning of sericitic alteration is 
observed in the feldspars and a partial conversion of the biotite into muscovite and 
chlorite has also taken place. 

As a rule the porph}^^ of this mine is very much altered; the feldspars are 
generally completely converted into sericite, a variety of muscovite, while the 
quartz remains unaltered. Secondary quartz is introduced in places as micro- 
crystalline aggregates and as little seams with pyrite. The structure of the 
porphyry is frequently retained, but also often entirely obliterated. The final 
result is a whitish rock, ordinarily soft and chalky, but occasionally, when con- 
taining very much quartz, hard and compact; it is composed of finely felted 
sericite and quartz, together with a large amount of fine-grained quartz. Pyrite 
is also present in varying quantities and occurs both as disseminated grains and 
crvstals and in thin seams and veinlets. For more detailed studv of these rocks 
see page 81. 

On the surface the porphyry forms light-colored blocky outcrops. The 
slopes of Copper Mountain are largely covered by debris, but near the top the 
outcrops are conspicuous and in many places show a distinct jointing, the direc- 
tion of the joints being north-northeast. The main area of the poiphyry begins 
along an irregular northeast line passing close by the northwest corner of the 
Detroit concentrator. South of this, between the concentrator and the West 
Yankie shaft, appear two prominent dikes 150 feet or less wide and in geneml 
parallel to the main contact; west of the Yavapai shaft these join the main 
area of porphyry; they are separated by two long and narrow, slab- like areas of 
altered limestone. Both of these pass underneath the concentrator and the outer 
one is adjoined by a narrow strip of quartzite. A few hundred feet west of 
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these several very irregular sedimentary masses are inclosed in porphyry, and 
consist of partly altered limestones, shales, and some very tine-grained quartzite. 
Two hundred feet west of the Ryerson shaft is a small area of almost unaltered 
limestone with horizontal stratification. Some of these limestone masses, notably 
the most westerly one, are flat bodies of no great depth, so that drifts below 
them are entirety in porphyry. On the several levels below these general rela- 
tions of porphyry and sediments are preserved, but with great local irregular- 
ities, giving evidence of shattering and injection of magma. The relations on 
the third and deepest level are shown in fig. 12. 

Copper mlneral« i>\. the rocks. — Most of the porphyry, except perhaps that 
occurring near the surface, shows a small percentage of copper, either as chalcocite 
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or as chalcopyrite, the latter occurrence being chiefly confined to the lower levels. 
A very largo proportion of the porphyry in the underground workings contains 
from one-half to '2^ [ler cent of copper; this is not payable ore. The altered 
sediments, and especially the limestone partly converted to pyroxene, epidote, and 
garnet, quite generally contain magnetite, chalcopyrite, and zinc blende, even above 
the level of oxidation as applied to the porphyry, for, owing to their more compact 
nature, these rocks are les.^ easily attacked by surface oxidation than the porous 
porphyry. Such limestone with chalcopyrite and zinc blende is exposed on all 
of the levels, and large masse.H of it probably contain up to 2 per cent of copper. 
With thorough oxidation it is likely that such masses would result in more con- 
centrated payable masses of carbonate ore. Smaller sheets of such ores occur, 
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indeed, at the mouth of the Uyerson shaft and at the tirst level of the lower 
RyerHon adit. In thitt mine they are, however, of little economic importance. 

Veifui. — The exploration has proved that an important vein system courses 
below the barren outcrops of Copper Mountain. There are four principal lodes — 
the Wellington, Ryerson, Iluinboldt, and West Yankie. Their direction varies from 
east-nortbeaat to north-northeast, and their dip is usually at steep angles toward 
the north. They are undoubtedly lisaure veins of the replacement type, for they 
are characteiized by one or more narrow seams of high-grade ore following fault 
planes and sunounded in places by large bodies of altered porphyry with dis- 
seminated ore; the latter masses rai-ely ^how distinct walls, their limit being 
indicated by the assay value of payable ore. The veins occur in porphyry, 
shale, limestone, and quartzite and may be productive in either of these forma- 




tions; but by far the greater part of the ore occurs in porphyry, and the veins 
generally become barren on entering the sedimentarj" areas. Perhaps this is to 
be expected from what ha.s been said about the greater resistance to oxidation 
of the metamorphosed cupriferous limestones. 

The first lode cut by the upper and lower adits is the Wellington. On the 
upper tunnel level this is oxidized and pi-actically barren, but on the lower adit 
it lies in porphyry on the north side of a mass of lime shale; the latter contains 
a strong, nearly vertical vein of pyrite; the former contains a large mass. of 
chalcouite ore, the slopes l>eing 50 foet or less wide and, in places, of high grade. 
Toward the southwest the Wellington vein enters the IIumlx>ldt mine of the 
Arizona Copper Coiniwny. but toward the northeast it has been followed for 
several hundrad feet on the first level below the lower adit; it is here chiefly in 
porphyry and contains good <ire at intervals. Helow the rich slopes on the lower 
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adit the first level struck quartzite with chalcocite ore, which, however, is of 
lower grade. 

The next lotle eneountered by the upper adit i» the Kyerson. which here 
appears as a very sharply defined rich ritreak of pyrite and clialcocite. 4 to 18 
inches wide, surrounded by several feet of lower-grade chalcocite ore: the dip is 
70° NW., the course east-northeast. This sti'eak has not yet been followed 
southwest into the Humboldt mine; in the opposite direction it soon runs into 
shale and becomes poor, turning into a mere pyrite seam. On the lower adit the 
Ryerson lode is pinched and poor, the ore chiefly consisting of pyrite in altered 
limestone. As wide slopes of concentrating ore were found in the Humboldt 
mine along the line of the Ityerson lode, 120 feet west of the lower adit, explora- 
tions were recently made in that direction. They disclosed a lai-ge mass of 




Fio. 15.— Vvrlirmi wclion followlnR line of th? Vava|«l Kirinpl acmu lh>' VsTapal ami Kyeiwn mliii^. 

concentrating ore in porphyry, widening toward the line of the Arizona Copper 
Company and narrowing to a wedge at the line of the croMs<'ut of the lower adit. 
The rich seam of the Ryerson on the upper adit continues down to the lower 
adit, but at n short distance below that level encounters a mass of shale and is 
replaced by another seam between the lower adit and the first level, which dips 
steeply in the opposite southeast direction. Drifting east- northeast from the 
main crosscut the Ryerson vein was found again, and has developed a mass of 
ore 300 feet long and .50 feet or less wide, which has been stoped halfway up to 
the upper adit, and which also extends down to the first level, though in reduced 
size. At a short distance northeast of this the level runs into the zone of sur- 
face oxidation. The Ryerson has been followed on the first, second, and third 
levels for a distance of altout 700 feet to a point liNi feet northwest of the West 
Yankie shaft (see PI. XVHl). 
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Near the northwest corner of the Yavapai claim large stopes have been 
developed on the first, and smaller ones on the second and thiixi levels. The 
lode crosses 1(X) feet southeast of the Ryerson shaft, where it shows on the first 
level as a persistent, well-defined vein of about 1 foot of first-class ore, sur- 
rounded by 40 feet or less of concenti'ating ore. On the second and third levels 
the vein is equally well defined as to strike and dip, but contains more pyrite. 

The Humboldt lode is the most important one in the mine. The upper adit 
developed it near the lino of the Humboldt vein and exposed an enormous mass 
of concentrating chalcocite ore, 200 feet or less wide and 300 feet long, which 
reaches as far as 70 feet above the level where it encounters the oxidized zone. 
The rock is a thoroughly altered porphyry containing a few horses of shalj' 
limestone. The Humboldt vein, properly speaking, is formed by a well-defined 
streak of rich chalcocite ore from 1 to 4 feet wide, coursing east-northeast and 
dipping 70^ to 80^ NNW. The foot wall is generally a well-defined plane. On 
the north side, 200 feet from this fissure, is another also containing rich chal- 
cocite ore, but dipping in the opposite direction. The great mass of concen- 
trating ore is confined between these two rich streaks. On the lower adit this 
mass has contracted considerably, but still contains a large amount of concentrating 
ore, especially on the southeast side. The northwest vein is here poorer. This 
chalcocite ore extends down to within 30 feet of the first level, but here the rich 
streak of the Humboldt lode changes within a few feet to a strong vein of massive 
low-grade pyrite and chalcopyrite with some zinc blende, in places several feet 
wide, with well-defined walls of greatly altered porphyry. Occasionally bunches 
of chalcocite ore are found along it. As shown by the northeast drift on the first 
level the Humboldt vein continues beyond the big stopes, but swings more north- 
northeasterly. After a barren interval it has been exposed on the lower adit, first, 
second, and third levels, near the northwest corner of the Yavapai claim, where 
it appears to cross the Ryerson vein. The stopes extend for 600 feet with a width 
of 40 feet or le.ss. The\^ are richest on the first level up to a point 60 feet above 
it, where surface oxidation begins, but they are also continuous and rich on the 
second level along the so-called Black stopes. The vein continues down to the 
third level with good foot wall and stopes 10 feet wide of fair, and in places 
high-grade, chalcocite ore. Up to a point near the northwest corner of Yavapai 
claim the vein on this level follows a porphyry dike, but here it breaks across 
an area of shale with porphyry dikes and becomes impoverished. The vein has 
been followed on the second level to a point 3(X) feet northwest of the Ryerson 
shaft. Beyond this ix>int the surface descends and the drifts approach the 
oxidized zone. 

The fourth lode is the West Yankie. It follows the important porphyry 
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with it, the only other gangue consisting of little streaks of porph^'^ry altered to 
sericite and quartz. This type of vein indicates very clearh' its origin by replace- 
ment along almost closed fissures. Comb and ribbon structures are absent. As 
mentioned above, the veins are most strongly developed in the softer porphyry 
and are apt to pinch in shale and limestone. 

The chalcocite is deep black, dull or earthy as to appearance, gives a shin- 
ing streak, and even when purest usually shows grains and remaining masses of 
pyrite. It is secondary throughout and is deposited by replacement of pyrite 
according to the processes outlined on page — . Every grade of chalcocite ore may 
be found, from varieties in which pyrite entirely predominates and the chalcocite 
simply appears as thin films coating the yellow grains, through richer ores, in 
which the chalcocite appears as a network pervading and replacing the iron disul- 
phides, to almost solid, dull-black masses which contain only occasional grains of 
pyrite scattered through it. For illustrations of these occurrences see PI. XIV. 

The normal richer concentrating ore consists of a soft chalky poi'phyry with 
occasional little narrow seams of chalcocite running irregularly through the mass, 
more rarely parallel to the wall of the vein. In the poorer grades both pyrite 
and chalcocite are visible. 

Three zones ma}- be distinguished, in which the occurrence of the ores differs 
ver}^ materially, and these zones are within certain limits dependent upon the 
surface configuration. 

The uppermost division, reaching down to lOQ or at most 200 feet below the 
surface, may be called the zone of oxidation. In porphvry the immediate surface is 
usually practically barren — that is, it contains less than one-half per cent of copper. 
The rock consists of a brownish hard porphyry made up of sericite and quartz. 
A cellular or cavernous structure is not common, nor is there any unusual amount 
of limonite. The outcrops of the veins can very rarely be traced over the rough 
surface of Copper Mountain; this is largely due to the lack of any consider- 
able amount of gangue minerals in the veins. When the veins are contained 
in shale copper carbonates, limonite, and cellular quartz may occur. At a very 
short distance l)elow the surface p3^rite appears, however, and continues down 
to the lower level of the zone; it is rusty and partly decomposed, but much of 
it remains intact. Drifts in this zone soon become covered by efllorescences 
and incrustations of chalcanthite (CuSO^+SHjO), and seams of this mineral may 
appear in the rock. The quartz seams, less apparent in the rock at lower levels, 
become more prominent in this zone. Little seams of malachite and brochantite 
occur in places, but as a rule the carbonates and basic sulphate are lacking, as are 
cuprite and native copper. Within this zone the assay values run from nothing 
up to 2 or 8 per cent of copper. 
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nituated on the railroad line between Morenci and the Detroit Company's concen- 
trator, near the east portal of the railroad tunnel. In spite of its ^niall size it 
has yielded lar^e quantities of ore, and is far from exhausted at the present 
time. It has produced about 40,000 tons of first-class ore and 80,000 tons of 
concentrating grade, thus showing an unusually large percentage of smelting ore. 
In 1903 the mine averaged 898 tons of tiret-class and 1,670 tons of second-class 
ore per month. 

The mine is developed by about 3,(X>0 feet of drifts and winzes. The surface 
elevations westward on the slopes of Copper Mountain attain 5,000 feet, and the 
main Yavapai shaft, 180 feet deep, has an elevation of 4,863 feet. The two main 
levels are turned at 118 and 183 feet telow the collar, and extend in all principal 
directions. In 1903 the shaft was sunk to a depth of 283 feet. The western 
part of the claim is explored by the Yavapai tunnel, 18 feet above the shaft 
level, as well as by a drift on the first level following the Ryerson boundary line. 

Oe(flo(jy. — The rocks consist principally of greatly metamorphosed sediments. 
The east part, as far as the Yavapai shaft, is occupied b^- hard, dark-green 
metamorphosed limestones, now chiefly consisting pf epidote, garnet, pyroxene, 
magnetite, pyrite, and chalcopyrite in intimate intergrowth, a little calcite 
remaining between the grains. These are exposed on the surface, though there 
greatly oxidized. Large outcrops of epidote are seen in the eastern part of the 
claim. On the bottom level, KX) feet below the surface, the rocks are extremely 
fresh and hard. In the western part, as far as explored, the limestones are not 
so much altered, though pyroxene, magnetite, pyrite, zinc blende, and chalco- 
pyrite are generally disseminated through them. The color is greenish gray and 
they generally effervesce freely with cold acids. The stratification can rarely be 
ascertained satisfactorily and the exact horizon is in doubt, though the rocks 
probably represent the Longfellow limestone. 

In the western part of the claim, which is near the main mass of Copper 
Mountain porphyry, there is great complication on account of branching por- 
phyry dikes, which include between them irregular masses of altered limestone. 
Considerable difficulty is experienced in connecting the bodies exposed on the 
various levels. Most of the porphyry is altered to sericite and quartz and con- 
tains disseminated pyrite. The fresh rock is doubtless of the normal Morenci 
type, fre(j[ueMtly described above. Three hundred feet northwest of the Yavapai 
shaft are outcrops of two dikes, which are 20 to 30 feet wide and probably 
represent the continuation of the north dike of the Longfellow mine. Under- 
ground, on the second level, in the eastern part of the claim, however, these 
dikes could not be found, and are probably locally pinched. But 200 feet north 
of this point is a larger dike, referred to as the West Yankie dike. This is 
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HUMBOLDT MINE. 

L'tcdt/on, pnxluctlon^ and (lecdopviftnt. — The Humboldt mine, which is the 
principal source of production of the Arizona Copper Company in Morenci, is 
located in the center of the town at the southeastern foot of Copper Mountain, 
below the crest of which the principal workings are located. The large bodies of 
chalcocite ore below the barren croppings on Copper Mountain were discovered 
about ten years ago, and have been worke<l continuously since that time. They 
contain, it is stated, many millions of tons, as far as shown by present develop- 
ments. Up to May, 1902, the Humboldt mine is reported to have pi-oduced 77,iK)U 
short ton.s of first-clasa ore and 6*20, 50(1 tons of second-cla.ss ore. The output in 
IWW was approximately 800 tons «f second-class ore per day; this includes the 
Fairplay and Humboldt mines. 







The ore is divided into Hrst clas.s, containing down to 4 per cent copper; 
second cla-ss, ranging fi-oni 4 to 3 per cent or even to 2i per cent; third class, from 
2i to "2 per cent, the latter taken out only when found in development work or 
when occurring with higher-grade ore under conditions necessitating its removal. 

The main workings are contained within the horizontal .space of an equilateral 
triangle with a side of 1,000 feet. On the south and east the mine is adjoined 
by the Ryei'son and Copper Mountain mines, and on the north by other property 
of the Arizona Copper Company that extends for a long distance outside of the 
main productive area. The developments aggregate several miles in length. 
The uppermost level is the Liverpool tunnel (elevation 5,070 feet), starting from 
the northwest side of Copper Mountain and developing the lodes between the 
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Fairplay and the Ryerson mines. The Humboldt tunnel (elevation 4,898 feet) 
enters from the southeast side of Copper Mountain, 182 feet below the Liverpool 
level, and opens the same territory with a straight crosscut tunnel, 1,650 feet long, 
having a trend of N. 60^ W. Between the two is an intermediate stope level 
(elevation 4,962 feet). Near the portal of the Humboldt tunnel is the shaft of the 
same name, 400 feet deep, the lower levels opening the Joy vein. The first level 
(elevation 4,799 feet) opens the Humboldt mine by a crosscut 1,300 feet long 40 
feet south of the Humboldt tunnel and parallel to it. This was the lowest level 
of the Humboldt mine in 1902; but in 1903 a winze was sunk 100 feet below it, 
in the center of the ore body. 

Geology, — The ore bodies of the mine are located in the main porphyry area 
only a few hundred feet northwest of the contact with the altered sediments. 
The porphyry contains, however, many small detached masses of metamorphosed 
limestone and shale. The prevailing rock in the Humboldt mine is a bleached and 
pyritic quartz-monzonite-porph3ay. Fresh rock occurs very rarely, and a large 
part is completely altered to sericite, quartz, and pyrite, chalcocite being usually 
associated with the latter mineral. On the southeast side of Copper Mountain 
an irregular mass of metamorphosed sediments separates a dike-like porphyry 
area (corresponding to the "Arizona Central dike" in the descriptions of Copper 
Mountain mine) from the principal stock of porphyr}'. The lower part of this 
sedimentary mass consists of shaly limestone with epidote, magnetite, and other 
metamorphic minerals, while the upper pail is a peculiar hard, fine-grained 
quartzite of light color, sometimes very difficult to separate from the silicified 
porphyry. Along the Humboldt level appears much greenish shale, probably 
corresponding to the shale member of the Morenci formation. The smaller areas 
near the lodes consist of lime shale and harder limestone, and are sometimes 
blocks bounded by faults. Southeast of the Humboldt shaft, on the first level, 
the rocks consist of irregular masses of garnet and hematite in lime shale; 
on the two lowest levels in the same direction there is much epidote, together 
with less altered lime shale. On the whole, intense but irregular metamorphism 
characterizes the sediments between the Arizona Central and the Joy dikes, the 
latter coureing a few hundred feet southeast of the Humboldt shaft. 

In the southwest part of the mine porphyry prevails, while in the opposite 
direction, near the line of the Ryerson mine, irregular masses of partly metamor- 
phosed limestones with p^'roxene, magnetite, and epidote, but rarely garnet, appear. 
Quartzite was noted in two or three places on the lowest level. While it is not 
possible to establish the stratigraphic relations, it is probable that all of the 
metamorphosed strata belong to the Morenci and Longfellow formations. The 
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age of the fine-grained quartzitie rock on the southeant slope of Copper Mountain 
is in doubt. 

The porphyry of Copper Mountain contains, as stated, throughout its mass, 
pyrite in disseminated form and as veinlets, but this pyrite has been entirely 
oxidized at the surface and even the resulting brown iron ore has been largely 
carried away. Below the surface and down to a depth of 100 to 200 feet the rock 
contains abundant seams of limonite, together with partly decomposed pyrite. 
Below the depth mentioned the limonite becomes much less conspicuous, though 
in places partly oxidized pyrite may be found on the lowest level. The oxidation 
of the metamorphic rocks proceeds very irregularly, almost fresh rocks being 
sometimes found close to the surface, while again smaller masses of reddish-brown 
oxidized sediments may occur on the lowest level. Seams of pyrite, chalcopyrite, 
and zinc blende in disseminated form are also common in these rocks. 

Lode^i and their ore bodies, — Broadly speaking, two lodes meet in the Hum- 
boldt mine. Neither of them has well-defined croppings or gossan, the outcrops 
consisting of yellowish porphyry with irregular quartz seams and very little 
limonite. This rock is entirely sericitized, but is hard by reason of the great 
amount of quartz in it. The first is the Wellington lode, which has a direction 
of N. 25*^ E. and an almost vertical dip; the second is the Humboldt lode, with 
a well-defined foot wall, especially on the upper levels, an east- northeast strike 
and a steep north-northwest dip. At the place where these lodes meet very large 
masses of ore, in some cases over 200 feet wide, are formed. To the southwest 
of the junction the Wellington lode continues into the Copper Mountain mine, 
while the Humboldt lode continues as a less distinct s^-steni of stringers until it 
joins the Faiiplay vein. Stopes are almost continuous all along the lodes from 
the line of the Ryerson mine to the point where the lodes meet. The larger but 
isolated mass of ore in the Eagle stopes on the Humboldt level is not clearly 
connected with any of the known fissure systems. The fissures cut through the 
metamorphic rocks as well as the porphyry, but in the former they are rarely 
productive, the softened porphyry l>eing evidentl}^ the most favorable ground for 
the ore. Most persistent is the Humboldt foot wall, traceable for 2,000 feet 
through the Ryerson and Humboldt mines. The veins usually consist of one or 
several central seams of high-grade ore, surrounded by large masses of low-grade 
ore. The rich seams consist of pyrite, containing more or less chalcocite, but 
very little quartz. Frequently they are bounded by well-defined planes, with 
evidence of movement, and may also be traversed by slips parallel to the walls. 
The wall rock immediately adjoining the rich seams is in some cases converted to 
almost pure kaolin. On both sides of these seams extends a mass of sericitized 
porphyry, of varying width, containing little seams and grains of chalcocite. To 
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this ore there are no well-defined walls, but they gradually fade out into material 
too lean to constitute ore. Could 2 per cent ore he made paj^able, the width of 
the ore bodies would be very much increased. In places the porphyry contains a 
large amount of chalcocite. On the Humboldt level a mass of ore was found which 
contained 25 per cent of copper, and had a width of 20 feet and a length of 50 
feet. The Wellington and Humboldt veins have proved to be of about the same 
richness. The best ore is probably found on the Humboldt level. Though rich 
ore and wide stopes are found on the first level, the ore is more pyritic in character. 

In this mine, as elsewhere, the chalcocite gives clear evidence of its secondary 
character. It is deposited on the pyrite, beginning as slight black films and 
gradually replacing the mineral entirely. Scarcely any ore minerals other than 
pyrite and chalcocite are known from this mine. In the upper levels of the 
chalcocite zone green films of malachite and probabl}^ also brochantite are commonly 
found, but in no place do they form important ore minerals. 

Faulting. — The Copper Mountain fault cuts across the southwestern part of 
the Humboldt mine, but seems to break up into several forks with the same general 
northwest direction and northeast dip of 50° to 70°. These fault planes show 
evidence of dislociiting the seams and ore bodies, but definite evidence as to the 
direction and extent of the movement is not obtainable. There are also, in this 
mine, several strongly marked zones of brecciated porphyry, which are parallel to 
and belong to the same class of disturbances as the Copper Mountain fault. 
Included fragments of chalcocite ore show that the faulting movement took place 
after the chalcocite was formed. This evidence is in harmony with that from 
the Copper Mountain mine. 

On the Liverpool level the well-defined chalcocite seam of the Wellington lode 
runs up against the fault 100 feet southwest of the main crosscut, but the 
exposures give no clue to the amount of the throw; continuing the drift in the 
same direction, another seam begins 50 to 60 feet west of the fault. As in 
the Copper Mountain mine, the fault separates good milling ore on the west 
from barren porphyry on the east, though a low-grade ore again appears on the 
same level, 100 feet farther east. On the stope level a fault with northwest 
direction and northeast dip of 70° is well marked and lies between stopes 9 and 
4 in the general direction of the Copper Mountain fault. The fault planes 
strike N. 50° W. and dip 06° to 70° NE. An included mass of quartzite here 
forms the foot wall, while porphyry is in the hanging wall. Several small 
horses of lime shale have been dragged in on the fault. The faulted zone is 
about 15 feet wide. Minor planes, close by, with the same northwest direction, 
repeatedly fault a small seam of chalcocite, 2 inches wide. On the Humboldt 
level occurs a strong fracture approximately in the trend of the fault. Adjacent 
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to the Eagle stope and beyond to the northwest is a strong brecciated zone. 
The development on the lowest level has not extended far enough west to 
determine the continuation of the fault at this depth. 

LOWER LIVERPOOL TUNNEL. 

On the slope from the Liverpool adit down to the main branch of Concentrator 
Canyon much chrysocolla is noted as coatings and seams in porphyry, and a well- 
defined line of prospects extends down to the gulch, a distance of 900 feet from the 
Liverpool adit. A lower tunnel has been started 180 feet below the upper adit, on 
the same level as the Humboldt tunnel. Driving due south this tunnel has exposed 
a well-defined vein of rich chalcocite ore up to 18 inches wide, dipping 70^ W. 
First appearing 1(K) feet from the portal, this vein follows the tunnel for 400 feet 
and then becomes less distinct. It is the intention to extend this tunnel level in a 
northerly direction, starting frofn the opposite side of the gulch, and explore the 
country underneath the Clay group of claims, on which some encouraging surface 
indications have been found. 

CARASCO GROUP. 

Going up Concentrator Gulch westward from the mouth of the Liverpool 
tunnel a persistent system of joints may be noted in the porphyry, striking north- 
east and dipping 45° NW. On some of them a little ore has been found. At 
Carasco mine a shaft 180 feet long on the incline has been sunk at an angle of 20^, 
following the dip of the joint planes; stopes are extended northeast and southwest 
from the incline, and the ore consists of disseminated chalcocite in porphyry. In 
other shallow workings close by to the south the ore follows another set of joint 
planes dipping due west. The medium-grade chalcocite ore found at this locality 
almost reaches the surface, an unusual occurrence in this vicinity. 

COPPER MOUNTAIN MINE. 

Situation^ prodiiction^ and development. — The mine is situated in the center 
of the town, the principal outlet being the lower tunnel, which enters on the 
railroad level immediatel}- back of the Detroit Copper Company's store, at a mine 
elevation of 5,115 feet, corresponding to a true elevation of 4,874 feet. Extending 
in a northwesterly direction for 1,000 feet the tunnel runs almost 500 feet below 
the western crest of Copper Mountain. By means of this tunnel several irregular 
carbonate deix)sits in limestone and the Arizona Central vein have been opened. 
These are described, the former under the heading of the Manganese Blue, the 
latter under that of the Arizona Central mine. In the northwestern part of the 
Arizona Centnil claim the Copper Mountain tunnel has opened a large mass of 
chalcocite ore in porphyry, and it is this occurrence which is described below. 
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As shown on fig. 8, there are above the Copper Mountain adit three levels — 
hitope level, upper adit, and Kimball tunnel, the latter 250 feet above the main 
tunnel. The stope level is not directly connected with the surface. The production 
of concentrating chalcocite ore from the great stopes in the Copper Mountain 
mine amounted to about 65 tons per day in 1902. The ore reserves are very 
considei'able. 

Geology, — A distance of about 700 feet separates the Arizona Central vein 
on the lower adit level from the main ore bodies below Copper Mountain. 
Within this distance are several areas of hard metamorphic limestone, and, next 
to the main body of porphyry, some quartzite. These evidently are irregular 
large included masses which separate the Arizona Centml dike from the main 
mass. The stratification and geological horizon of these metamorphic rocks are 
not easily deciphered, but they probably belong to the lowest part of the Long- 
fellow formation. The metamorphic rocks between the two porph3^ry dikes of the 
Manganese Blue mine without doubt belong in the upper part of the same forma- 
tion; hence an upturning disturbance has probably taken place next to the main 
porphyry mass. The metamorphic rocks and the porphj^ry between the two ore 
bodies on the tunnel are largely hard and fresh, but the porphyry contains pyrite 
and is sericitized in places, while the metamorphic limestone, besides epidote and 
pyroxene, contains disseminated pyrite, magnetite, chalcopj^rite, and zinc blende, 
which, as a rule, show no oxidation. The lower limit of oxidation in the meta- 
morphic rocks runs very irregularly, often ceasing 50 feet below the surface; 
occasionally it descends far deeper. Thus, near the boundary between the Copper 
Mountain and the Humboldt mines, on the stope level, 350 feet below the surface, 
a bunch of cuprite and copper carbonates occurred associated with a small mass 
of limestone embedded in porphyry. 

Ore bodies, — Near the end of the tunnel a good-sized body of sericitized 
porphyry with disseminated p^^rite coated with chalcocite was found. This 
expanded greatly on the stope level above, the stopes reaching 100 feet in width. 
On the upper adit the ore is almost as wide, and on the Kimball tunnel the 
chalcocite bearing soft porphj-ry is almost 200 feet wide, the ore, however, not 
extending high above that level. From the surface down for 100 feet and for 
200 feet immediately below the crest of the mountain the ground is leached, 
containing partly oxidized pyrite with a little limonite, malachite, and brochan- 
tite. The immediate surface consists of hard light - brownish porphyry with 
quartz seams and a very small amount of limonite. 

This great body of ore is richest on the three upper levels and grows gradu- 
ally more pyritic near the main adit; on this level the stopes are only 20 to 30 
feet wide, but increase to 100 feet a short distance above. Though the porphyry 
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iH abundantly seamed with chalcocite and pyrite, there are few centmi veins or 
seams such as are normally found in the great ore bodies of Copper Mountain. 
The lode has been followed with narrowing width of concentrating ore on the 
stope level nearly to the side line of the claim, and here — to the south of the 
main adit — a well-defined rich chalcocite seam 14 inches wide appears; it strikes 
N. 15- E. and dips 70- E. 

The ore body is usually considered to be a part of the Humboldt lode, but 
it is more probable that this ore forms the extension of the Wellington vein, 
which crosses the Humboldt vein 300 feet northeast of the Copper Mountain 
stopes. 

As in most of the porphyry lodes, we notice here two zones — first, that of 
surface lea<jhing, 100 to 200 feet deep; second, that of the chalcocite ore, here 
about 800 feet deep. Its lower limit has not yet been reached, but probably does 
not lie far below the level of the Copper Mountain tunnel. 

FAIRPLAY VEINS. 

The Fairplay veins, which belong to the Arizona Copper Compan3% are. located 
on the west side of Copper Mountain, not far below the summit. They have 
been developed by about 3,0(X) feet of drifts from the Fairpla^^ tunnel (elevation, 
5,096 feet, or 20 feet above the Liverpool level) and the Humboldt level (eleva- 
tion, 4,890 feet), 200 feet lower. On the northwestern vein three stopes of concen- 
trating ore up to 40 feet wide have been opened on the Humboldt level, and a 
considerable amount remains to be taken out. The mine was not worked exten- 
sively in 1902. 

Practically all of the workings are in porphyr}', which is bleached, cemented 
by silica, and contains disseminated pyrite with chalcocite coating. 

The principal Fairplay vein, best exposed on the Humboldt level by the 
long Humboldt-Fairplay tunnel, strikes N. 20'^ E. and dips about 70^ KNW. 
It has been followed for 700 feet, and lies about 300 feet north of the Wel- 
lington lode, with which it is strictly parallel; it is the most northwesterly 
of the great Copper Mountain system of lodes. The Fairplay vein is deter- 
mined by a strong fissure, which is followed by one or several seams of 
chalcocite and pyrite associated with an unusually large amount of quartz 
and having a thickness of up to 8 inches. In places the vein is surrounded 
by soft porphyry containing veinlets of chalcocite, forming second-class ore. 
The depth below the surface on this level is about 350 feet. Stringers branch 
at both ends of the vein in a northeast direction. East of the main vein, at 
a distance of 150 feet, lies another chalcocite seam surrounded by milling ore. 
Four large stopes are opened on chalcocite ore along the Fairplay vein, the 
largest being 100 feet long, 35 feet wide, and at present 160 feet high. 
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Eight hundred feet from the mouth a well-defined vein is crossed striking 
north-northeast and dipping 80 ' ESE. This vein is also exposed on the surfa(!e 
300 feet above the tunnel level. It contains a sharply defined seam of dull- 
black chalcocitc, in places surrounded by a fair amount of second-class ore. 

About 1,200 feet from the portal are encountered a series of stringers and 
small veins, which continue for 500 feet, or to a disUince of 1,70() feet from the 
mouth. Up to this f)oint the porphj^ry is soft and partly sericitized, with many 
little stringers of quartz and pyrite and stains of sulphates. Beyond this point 
it is much fresher, and shows little evidence of mineralization. These veins no 
doubt represent the western extension of the Fairplay and Butler fissures, but 
the amount of payable ore thus far encountered is small. There are five or six 
of them within a distance of 500 feet; they course north-northeast to northeast 
and dip northwest at steep angles. The tunnel cuts them 300 to 400 feet l>elow 
the surface. At least three of them show several inches of rich chalcocite ore, 
and in one 5 feet of payable ore is exj)osed. 

Among these veins is one so entirely different from the ordinary type of 
Morenci deposits as to necessitate special mention. It is a vertical veinlet 4 
inches thick, consisting of a quartz-filled fissure with comb stnicture and drusy 
cavities coated with crystals. The associated minerals are pyrite, zinc blende, 
and chalcopyrite, the two first-named minerals also occurring as crystals in the 
druses and vugs. 

BUTLER TUNNEL. 

The main porphyry ridge west of Copper Mountain is opened by the Butler 
and London tunnel, both claims being the property of the Detroit Copi[)er Com- 
pany. The south portal is situated on the north side of the gulch, opposite the 
Lone Star tunnel and 700 feet west of the Arizona Central shaft. It pierces 
the ridge entirely and its north portal is found near the head of the main west 
branch of Concentrator Canyon, almost due north of the southern entrance. The 
total length of the tunnel is 3,200 feet; it does not run straight, but makes a 
sharp bend to the west. The elevation of the tunnel is 4,949 feet, or 62 feet 
higher than the collar of Arizona Central shaft. The Butler and London veins, 
each carrying smaller ore bodies, have been exposed by this tunnel. 

The tunnel entei*s into an area of quartzite of irregular outline, bordering 
on the north against porphyry; the contact is irregular and evidently intrusive. 
This hard massive quartzite, which contains several porphyry dikes, continues 
for 320 feet from the portal. On the second level of the Arizona Central, which 
also has been pushed forward in this direction 200 feet below the tunnel level 
to a point a short distance north of the Butler vein, this contact is met about 
150 feet farther south, showing that the porphyry dips below the quarzite. 
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Porphyry thus begins 320 feet from the south portal and continues the whole 
distance to the north portal. To a point 800 feet from the south portal the 
porphyry is sericitized throughout, also containing pyrite seams and copper stains. 
For the next 900 feet, about the main bend in the tunnel and about ^00 feet 
below the surface, the porphyry is fresh without quartz seams and pyrite. In 
part it is blocky and hard, with well-developed joints dipping steeply southwest — 
an unusual direction of jointing for this region. In part it seems somewhat dis- 
integrated, showing a tendency to form rounded blocks; this type of porphyry 
corresponds well with that on the surface above, described on page 80. It is a 
light-gray rock, with white, closely massed feldspar crystals and scattered green- 
ish foils of biotite. The groundmass is coarsely microcrystalline, consisting of 
.orthoclase and quartz; the porphyritic feldspar crystals consist of orthoclase, 
albite, and oligoclase. The rock may be classed as a granite-porphj^ry or a 
quartz-monzonite-porphyry. Some 1,200 feet from the north portal sericitization 
and veinlets of pyrite and quartz begin again and continue to the mouth. 

The Butler vein, which evidentlv forms the continuation of the svstem of 
northeast fissures on the Fairplay claim adjoining on the east, and which is here 
the only representative of the great Copper Mountain vein system, is met at a 
distance of 540 feet from the south portal. No croppings are seen corresponding 
to it on the surface. It shows in the tunnel as two narrow fissures, about 10 feet 
apart, dipping 40° to 60° NW. The principal and southerly one shows 6 inches of 
pyrite and chalcocite. It has been developed by an incline reaching down to the 
extended second level of the Arizona Central, 200 feet below tunnel level, and shows 
here a good foot wall with striation and gouge. The vein itself is about 1 foot 
wide, and consists of massive pyrite with quartz and a little chalcocite. There is 
practically no ore outside of the vein proper. The dip is 50° NW. This point 
is about 380 feet below the surface. 

Two hundred feet from the northern portal the London vein is cut; it shows 
a well-defined wall striking northeast and dipping 30° NW., along which lies a 
streak of pyrite with chalcocite, in places rich in copper and 5 feet or less wide. 
The London vein belongs to the Carasco system of joints and veins, which is so 
extensively developed at the head of the western branch of Concentrator Canyon. 
In the last 15 feet of the tunnel surface decomposition has yielded much limonite. 

ARIZONA CENTRAL MINE. 

Location^ prod^tction^ and developinent, — The Arizona Central, which is one 
of the important producers of the Detroit Copper Company, is situated in the 
western branch of Morenci Canyon, on the outskirts of the town. The steep 
hill slopes rise above the shaft somewhat like an amphitheater, the summits of the 
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hundred feet west -south west of the shaft a peculiar dislocation occura. starting 
from the hanging wall of the Apache fault and continuing for a few hundred 
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feet N. 80*^ W. ; it shows a narrow shattered zone of shale between two walls, 
outside of which on both sides 18 porphyry. 
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From the Arizona Central shaft to the Copper Mountain fault a dislocation 
follows the southeast contact of the big dike, and the course indicated is that of 
the Arizona Central vein. It apparently antedates the Copper Mountain fault, 
for the latter throws the contact 70 feet to the south horizontally-, and the vein 
is also cut off by it. 

Croppings consisting of copper carbonates in shaly rocks occurred along lx)th 
contacts of the Arizona Central dike for 500 feet northwest from the shaft. Ore 
was found both in porphyr}^ and lime shale. 

Croppings of the Williams vein are noted in shale and porphyry 200 to 300 
feet east of the shaft. They consist of copper carbonat^^s contained as seams in 
the rocks. 

Arizona Central lode. — As stated above, this lode follows the nearly vertical 
fault slip on the southeast contact of sedimentary rocks and porphj^ry from near 
the Arizona Central shaft, where it seems to join a branch of the Williams lode, 
to the Copper Mountain fault, a distance of nearly 1,200 feet. The lode is not 
know^n with certainty east of the Copper Mountain fault. Some poor chalcocite 
ore occurs, however, on the first level of the Humboldt mine 500 feet farther 
northeast along the same contact. This may possibly represent the extension of 
the lode. 

The surface along the line of the lode rises rather rapidly about 130 feet 
northeast of the main shaft and then runs off about horizontal to the fault. 
The lode is opened in the Copper Mountain mine by the first adit, which starts on 
the i-ailroad level just back of the Detroit Copper Company's store (elevation 4,870 
feet), cuts across altered limestone, and reaches the well-defined slip separating 
this limestone from the porphyry about 130 feet from the portal and 100 feet 
below the surface. Stopes of chalcocite ore in porphyry, 30 feet wide, have 
been developed here, but do not reach far above the level. Drifting northeast 
the ore continues, though poorer, for 100 feet to the two great clay-covered 
northeast-dipping slips, which here represent the Copper Mountain fault. Imme- 
diately beyond the fault a very important change appears; the porphj^r}' becomes 
barren, stained with limonite, and has the appeamnce usually observed near the 
surface. Taken in connection with the known downthrow on the northeast side, 
which farther southeast along the fault amounts to 225 feet vertical measure- 
ment, this would seem to indicate that the fault occurred subsequently^ to the 
formation of the chalcocite zone. As from other reasons it seems probable that 
the fault occurred before the eruption of the Tertiary lavas, that zone would seem 
to have a very considerable age. Explorations by drifts on the Copper Mountain 
fault on the first and second levels of the Manganese Blue mine (mine elevations 
4,741 and 4,684 feet), have thus far failed to find the northeastern continuation 
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of the vein. Assuming a horizontal dislocation along the fault line (shown by 
the position of the contact line on each side of the fault) of 70 or 90 feet, and 
a vertical throw of 225 feet, the continuation of the lode as it appears on the 
first adit should be found 35 feet below the second level at a place along that 
level 300 feet distant from the northwest boundary line of Copper Mountain 
claim. 

The Arizona Central lode has also been encountered on the first level of the 
Manganese Blue mine 133 feet below the first adit of Copper Mountain. 

The contact slip is developed as above and stands nearly vertical, but there is 
only a small amount of ore along it. The vein follows the contact continuously and 
consists chiefly of a streak of pyrite up to 1 foot thick which contains a little 
chalcocite. A little to the east of the first adit level a considerable amount of 
copper carbonates were found in the lime shale adjoining the slip; irregular 
masses of azurite, malachite, as well as partly oxidized magnetite, occur frequently 
in the altered lime shale and limestone within 100 feet of the contact slip. The 
vein has been crosscut on the second level of the Manganese Blue mine 190 feet 
below the first adit and 270 feet southwest of it, but while this has disclosed the 
contact and the dike in the proper position, the porphyry is fresh, hard, and 
pyritic, and the slip on the contact is not well defined. The sedimentary rock 
adjoining the dike is here brownish limestone with seams of pyrite and zinc 
blende. It is partly replaced by tremolite, serpentine, pyrite, and quartz. 

Between this point and the Arizona Central shaft the contact slip has been 
found in many places on the first and second levels of that mine. Its strike is due 
northeast, its dip being from 70^ NW. to nearly vertical. The sedimentary rock 
is apt to be very hard and greatly altered, now consisting chiefly of magnetite, 
garnet, pyrite, chalcopyrite, and zinc blende. Streaks and veinlets of pyrite and 
chalcocite parallel to the contact slip occur in the porphyry, and large amounts of 
concentrating ore have l>een developed in places, especially on the first level, which 
is from 100 to 200 feet below the surface. The second level, 170 to 250 feet below 
the surface, contains good ore in places and several rich chalcocite seams in por- 
phyry, but the ore is on the whole more pyritic than on the upper level. The 
stopes are in plac^es 60 feet wide and almost entireW confined to the porph3'ry. 
Williams lode. — The principal stopes of the Arizona Central mine occur along 
the Williams lode, which is situated 200 to 300 feet south of the shaft, and which 
has been opened on the first and second levels for a distance of about 1,000 feet. 
Between the shaft and the Williams lode a spur of the latter was encountered 
which seems to follow a porphyry dike in shale. Stopes extend on this almost 
to the surface. On the third level neither vein nor dike is visible in the hard 
contact-metamorphic rock here prevailing. 
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On the first level much shale was encountered below where porphyty of the 
main dike appeared on the surface. The Williams lode was cut 220 feet south of 
the shaft and has been followed 500 feet west-southwest; the eastern part is 
mainly in shale, though a little porphyry appears in places, the ore consisting 
chiefly of disseminated chalcocite with a considerable amount of native copper. 
Near the faults of the western part of the mine the vein enters the main porphyry 
dike. In places the stopes are 70 feet wide, though usually less; they do not 
extend to the surface, though they sometimes reach 50 feet above this level. 

On the second level the lode widens greatly and much more poiphyry is 
present than on the first level. Around the shaft the porphyry appears leached 
and contains no ore. A crosscut to the south, mainly through shale, encountered 
the Williams lode 300 feet south of the shaft, where it has been opened for 400 
feet in an east-northeast direction to a point below the railroad track. The ore 
is here up to 24 feet wide, shale appearing in both walls, and porphyry- coming 
in here and there. The vein matter seems to be crushed shale and porphyry, 
the ore consisting of cuprite, native copper, and chalcocite; there is very little 
azurite and malachite. On the intermediate level, about 50 feet lower, similar 
conditions obtain; there is evidence of strong shearing, the rocks being chiefly 
shale with a narrow streak of porphyry along the vein. The stopes on this level 
are small. Toward the west this main branch of Williams lode has been followed 
for 400 feet up to the faulted zone, bending slightly more to the west-southwest. 
Stopes up to 20 feet wide have been worked on it in places. The rock is chiefly 
shale. About 75 feet north of this streak another line of parallel stopes has 
been opened, which continues up to the faulted zone. This contains both shale 
and porphyry and seems to lie on the south contact of the main porphyry dike. 
Toward the faulted zone porphyry prevails. In a way this may be considered 
as the westerly extension of the spur mentioned above, or of the Arizona Central 
lode. The stopes are in places 100 feet wide and the ore is of the same character 
as above stated. A third drift parallel to the others has been opened in the 
porphyrj^ about 75 feet farther north and some chalcocite ore developed along it. 

On an intermediate level, 60 feet below the second level, drifts along the 
Williams lode show shale with narrow streaks of porphyr}^ in places along the 
vein. Evidences of strong sheeting and shearing are plentiful. 

Going west the porphyry widens, and near the fault the stopes are 100 feet 
wide and contain soft white porphyry with disseminated chalcocite and some 
native copper. Seventy-five feet back from the first fault, at the contact with 
the metamorphic rock, which here contains much magnetite, stopes of cuprite ore 
were found, some of the cuprite coating the corroded magnetite in fine crystals 
and being associated with linionite. Similar cuprite stopes were found on the 
lowest level. 
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Near the south side of the ore on this level a v^ein of native copper is 
encountered. It occurs as a massive, almost vertical seam, striking N. 60^ 
E., and in places contains 8 inches of massive copper. A little chalcocite and 
cuprite are associated with it, as well as some fine-grained quartz. Some 20 
tons of native copper had been extracted from this vein at the time of my visit. 
Later on the vein was found on the third level, 40 feet below, though in less 
massive form. To the west this seam, as well as the ore in general, is cut off 
bv the faults described more in detail below. 

On the third level conditions are materially different. Driving southward in 
porph^^ry hard metamorphic rock is encountered 100 feet from the shaft and con- 
tinues to a point below Williams lode, which thus far has not been found on ' 
this level. This rock consists of an intimately intergrown granular mass of garnet, 
epidote, magnetite, chalcopyrite, zinc blende, and pyrite, in places also associated 
with pyroxene. A prominent slip, striking northeast and dipping 45"^ NW., 
was observed below the Williams lode. In the hanging wall a hard rock was 
found, consisting of alternating streaks of epidote, tremolite, and pyrite, while a 
softer shale occupied the foot wall. Near this point the drift contained much 
magnetite, in places intergrown with quartz. Drifting due west at an angle of 
30 ' with the Williams lode disclosed the presence of a large body of almost pure 
granular magnetite which has been stoped for a distance of 150 feet and a width 
of 40 feet, the material being used as flux in the smelter. This body of almost 
solid magnetite, l3nng at an angle of 30^^ with the Williams vein, reaches up to 
the intermediate level, 50 feet above, with decreasing width; below, a winze sunk 
in the center of the stopes struck shale in 30 feet. 

The magnetite has no distinct walls, but gradually changes into normal meta- 
morphic rock on both sides. In places it contains a little chalcopyrite. In a 
distance of 200 feet west from the place where the magnetite was first met the 
drift following it gradually enters into a shaly rook, which continues, cut by two 
dikes of fresh porphyry, to the first fault of the Apache fault zone. Following 
this the drift turns south and runs into mineralized porphyry with a few narrow 
streaks of chalcocite and disseminated native copper. At 120 feet from this bend 
the seam of native copper mentioned under the description of the intermediate 
level was struck, but was somewhat less massive than it was above. On the west 
side of the fault the porphyry is barren, but drifts to the east in the direction 
of Williams lode developed good chalcocite ore in altered porphyry, which 30 to 
60 feet east of the fault changes to rich cuprite ore on the contact of shale and 
porphyry and largely in the shales. Still farther east, near the big magnetite 
stopes, the metamorphic rocks become barren. A winze sunk 77 feet in this red 
cuprite ore entered altered limestone with some chalcopyrite at a short distance 
below the level. 
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Faulted zon€, — About 600 feet west-southwest of the shaft the drifts following 
the Williams lode encountered a strong faulted zone (fig. 18). On the surface, 
as indicated and described al>ove, courses the Apache fault, along which it is 
known that a considei'able downthrow has taken place on the east side. The line 
of drifts as extended cuts this fault at an angle of about 63^, and thus the pro- 
jection of the fault on the section is somewhat flatter than the actual dip of the 
plane. The Apache fault has been cut underground in the Lone Star tunnel, as 
described above, and is projected on the section. In the Arizona Central mine 
it has probabl>' not been cut a8 yet. The first level encounters quartzite, as indi- 
cated, and nearly in the proper position for the Apache fault, but no dislomtion 
separates the two. The fault should be found about 30 feet west of the contact. 

Two or three parallel faults lie in front of the main one and are probably 
step faults belonging to the same s3'stem. No indication of the total amount of 
the vertical dislocation has been found. In a smaller fault asso<>iated with No. 3 
fault, on the second level cutting across a quartzite-shale contact, a downthrow 
of the east side of 1 foot was actuall}^ measured. The two principal front faults 
have been found on all levels; as a rule they carr}' little ore, though small 
quantities of cuprite and chalcocite may be found on them. As to the Apache 
fault, it contains some good ore on the surface and in the. Lone Star tunnel, and 
may well be found productive in depth also. The faults dip to the east and do 
not diflfer much in strike from the Apache dislocation. On the first and second 
levels there is also a strong fault, appearing as a rolling slip, the strike of which 
is parallel to the drift (N. 73^ W.); no ore appears on this. On the first level 
drifts west of fault No. 1 and north of the plane of the section encountered 
blocks of quartzite dipping 30^ southeast and bounded by dislocations. This 
quartzite contains small bunches of chalcopj'rite. On the intermediate level 
metamoii)hic shale and magnetite with chalcopyrite have been encountered on the 
east side of fault No. 1 and north of the section. Some of this has }>een stoped 
as it contained 6 per cent of copper. 

On the first level chalcocite ore continues across fault No. 1 up to No. 3, 
though the payable material is not equally distributed. The porphyrv is white, 
soft, and sericitic, containing irregular seams of chalcocite and pyrite. This ore 
continues down in places, but on the second level the space })etween the faults is 
divided b}' a smaller dislocation (No. 2) into two parts, the part between Nos. 1 and 
2 being barren, while concentrating ore appears between Nos. 2 and 3. On the first 
level the rock west, of fault No. 3 contmsts remarkably with that to the east, 
the porphyrv being somewhat disintegrated, with limonite and little pyrite seams 
surrounded by (juartz zones, but no chalcocite, and appearing in gene ml as if 
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CHAPTER VII. 

GOLD CliEEK I^ASIN. 

TOPOGllAPIIY. 

In connection with.the (iold Creek basin ma}' be descril^>ed tbe slopes toward 
Eagle Creek from the divide near Morenci, which embrace* the drainage Imsin 
of Gold Creek as well as a few shorter gulches north and south of it. 

Heading at the porphyry ridge northwest of Morenci, which has an elevation 
of from 5, (MM) to 5,500 feet. Gold Creek runs southwesterly, and after a course 
of 4 miles empties into Eagle Creek Canyon at an elevation of about 8,6<X) feet. 
Its watershed contains 5 or G square miles. The descents near its head are 
steep but b}- no means inaccessible; lower down the topogniphy >)ecomes less 
pronounced; somewhat irregular ridges, up to 5(X) feet high, are separated ]>y 
little gulches with rapidl}' sloping sides, the whole forming a moderatel}' hillv 
and extremely barren landscajK?. On the north side the trend of the ridges is 
northerly, while on the south side it is prevailingl}- southwesterly. 

A mile and a half from its head Gold Creek is joined by Pinkard Gulch, 
which heads in Coronado Kidge, 2 miles northward. Still farther down it is 
joined by Silver Creek, a small tributary from the south. Near the point of 
juncture the small but abrupt canyon opens as the watercourse emerges from the 
older rocks into the open lava-filled valley of Eagle Creek; nearing the latter 
tnmk stream, however, a canyon of different t^-pe, narrow and with nearly 
perpendicular walls, l)egins, and the junction takes place in a picturesque gorge, 
600 feet deep, excavated in the rhyolite tuffs which tilled the basaltic Tertiary 
valley of Eagle Creek. Similar descriptions apply to the short gulches north 
and vsouth of Gold Creek. 

GKOL.OGY. 
ROCKS. 

Granite, — Granite is exposed only in the upper part of Pinkard Gulch, north 
of the Cayuga fault, and at the head of Gold Gulch southwest of the bench- 
mark 6,370 at the southern end of the Coronado Ridge. A small area is also 
exposed by faulting \\ miles northwest of the point where Gold (/reek emerges 

292 



GEOLOGY OF GOLD CREEK BASIN. 298 

into the lava-filled valley. It is of the usual coarse-grained reddish type, con- 
sisting chiefly of quartz, orthoclase, and perthite. Njear the head of Pinkard 
Gulch, three-fourths of a mile below Las Trajas prospects, it contains locall}^ an 
unusual dioritic modification. 

Sedimentary series. — The Coronado quartzite (Cambrian) is exposed in several 
detached areas near the head of Gold Creek, usually surrounded by porphyry. 
Heavy beds of the same formation are brought up on the north side of the Cayuga 
fault and connect with the great quartzite block of the Coronado Ridge, which 
dips west at angles of from 10^ to 17^. The thickness of the formation at this 
point seems to be at least 300 feet. 

The Longfellow limestones (Ordovician) are extensively exposed between Pink- 
ard Gulch and the lavas of Eagle Creek, the dip being generally southwesterly 
from 20"^ to 30^. The rocks form heavy benches of light-gray or brown, massive, 
more or less cherty limestones, and in several places contain characteristic flat 
gasteropods. 

The Morenci shales and associated limestones have been observed at only one 
place in the foothills of Eagle Creek Valley, 1 mile northwest of Gold Gulch, 
where they arc underlain by the Silurian limestone on the north and adjoined 
by porphyry on the south. At the same place there is a small amount of the 
lowest limestone bed of the Modoc formation (Mississippian). Many of the 
isolated limestone areas surrounded by poi-phj^y are diflicult to place, but 
probably chiefly belong to the Longfellow formation. 

North and south of the lower part of Gold Gulch is a series of alternating 
sandstones and shales, forming irregular areas almost entirely surrounded by 
porphyry. With some confidence these strata are referred to the Cretaceous as 
belonging to the same formation so extensivelv exix)sed a few miles southwest 
of Morenci. Along the foothills of Eagle Creek the two areas in fact connect. 
The dip is variable and frequently shows great disturbances, but is chiefly to the 
south and west at angles up to 20 . Frequent dikes of porphyr>' are contained 
in it. 

Porphyry, — Porphyry of the Morenci typi\s occupies nearly the whole of the 
upper valley of Gold (rulch, and is also intimately mingled with sedimentary 
rocks as stocks, sheets, and dikes on the lower slopes toward Eagle Creek. 
Unlike the porphyry between Morenci and Metcalf, the rock does not form pre- 
cipitous outcrops, but crumbles easily to fragments, forming a sandy soil, and 
giving the area a light yellowish-gray color. At the head of Gold Gulch, toward 
the Morenci divide, the rock is rusty and shows indications of mineralization by 
quartz cementation and pyritic dissemination. Otherwise it is not much altered 
though greath* disintegrated. 
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The larger part of the porphyry i.s of the Morenci type. It contains small 
and closely massed white andesine crystals, small and not very abundant quartz 
phenocrysts, and scant foils of black mica, all of which are embedded in a grayish 
groundmass of micro<*rystalline structure, consisting chiefly of quartz and 
orthcH'lase. 

As products of static liydro-metamor])hism, epidote, chlorite, and some sericite 
have developed in varying amounts. In the foothills toward Eagle Creek and 
on the ridges south of (irold Gulch a type of diorite-porph\'ry without quartz 
phenocrj'sts and with increasing amounts of hornblende and biotite is more 
common. By increasing ferromagnesian silicates, this, in a few places, forms 
transitions into dark-green tine-grained poqih^^ries. This diorite-porphyr}' forms 
the southern end of the great stot'k of Morenci and Metcalf. It connects south- 
ward, by a dike breaking across the ridge of Cretaceous rocks, with the laccolithic 
mass appearing 3 miles south-southwest of Morenci. On the southwest side, in 
the Gold Gulch basin, it borders against Cretaceous quartzite and shale, as well 
as Cambrian quartzite and Silurian limestone, with extremely complicated contact, 
and contains a great number of deta(»hed sedimentary fragments. The complica- 
tion reaches its maximum along the lower part of Pinkard Gulch. A detached 
and also very irregular area of diorite-porphyry adjoins the basaltic foothills of 
Eagle Creek and also contains a great number of sedimentary^ areas of irregular 
or slab-like form. 

DInham, — A single smaller mass of this rock ^as found in Pinkard Gulch 
half a mile above its mouth. It probably occurs as a dike in the prevailing 
porphyry. 

Co7ttaet metavfwrphism. — The Morenci porphyry produces a distinct alteration 
wherever it comes into contact with the shales and limestones, but in the Gold 
Gulch drainage this alteration or contact metamorphism is less marked than at 
Morenci. The Cretaceous shales and sandstones on the ridge south of Gold Gulch, 
as well as in the area crossing the lower part of that watercourse, are, as a rule, 
not highly altered, the changes consisting in a hardening or baking of the shales 
to compact black aphanitic rocks. This is sometimes, as on the high ridge 
southwest of Morenci, attended wnth a considerable development of epidote 
and magnetite. (larnet is not known to occur. The Silurian limestone, where 
bordering against the main area of Morenci porphyry, is always affected to some 
degree, though there may be considerable variation in the intensity of the altera- 
tion. This change rarel}' extends very far from the conta(*t, and the interior of 
the large areas of lx)ngfeHow limestone is entirely unaltered. An isolated area 
of limestone on Gold (lulch, just above the mouth of Pinkard Gulch, is very 
largely altered into epidote and magnetite with copper stains and pyrite; garnet 
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also occurs in lesser amount. In Pinkard Gulch the limestone is locally altered 
to garnet near porphyr}- eonUicts. At the Soto tunnel, driven on the same gulch 
1 mile above the mouth, a porphyry dike has induced contact metiimorphism in 
the same limestone, with development of garnet and epidote. 

As at Morenci, the diorite-porphyry induces very little alteration, which rather 
seems to he proportional to the amount of quartz contained in the intrusive rock. 
The slabs of limestone embedded in the diorite-porphyrjxalong the Kagle Creek 
foothills north of Gold Gulch show no contact-metamorphic action. 

STRUCTURE. 

The sedimentar}' rocks in the lower Gold Gulch basin dip to the southwest, 
more rareh^ to the west or south, at angles varying from 10-^ to 30^, and this 
dip holds with surprising regularit}' even where the rocks are greatly torn b}- 
porphyritic intrusions. The porphyr}^ is irregularly jointed, but shows no schis- 
tosity or sheeting. While the relation of the porphyry to the sedimentary rocks 
look very complicated, it is clear that the principal intrusions have taken place 
parallel to the planes of sedimentation, and that the porphyry largeh^ consists of 
sills and laccoliths dipping westward like the strata. This relation is perhaps 
what a great stock breaking up through granite and encountering a thick sedi- 
mentary series would be expected to produce; under sufficient pressure the magma 
would natumlly be pressed into the more easily opening joints of the planes of 
stratificittion. 

The irregularity of structure in the Gold Gulch basin is therefore more the 
result of intrusive action than of faulting. There is, however, some evidence of 
the main epoch of faulting, which succeeded those of intrusion and mineraliza- 
tion. An imjx)rtant fault with a downthrow on the south side of seveml hundred 
feet crosses Pinkard Gulch at the Soto tunnel, which in fact is driven on the 
contact of granite and limestone, between the great fault block of Coronado 
ridge and that of Gold Gulch. This fault is traceable with decreasing throw for 
about a mile westward. On the east it is in line with the fault-separating granite 
and quartzite above the Longfellow incline, but is not traceable across the inter- 
vening area of porphyry. It may be more likely that it bends slightly northward 
and crosses the head of North Fork of Gold Gulch at the Producer copper 
prospect, where porphyry is separated from granite by several well-marked 
fissures dipping 45 S. 

There is probably another line of disturbance crossing Pinkard Gulch one- 
half mile above its mouth, for here the (Cretaceous strata are brought to the 
level of the Ordovician limestones: but no direct evidence of this has l)een 
found, and this dislocation mav be contemporaneous with the intrusion instead of 
belonging to the epoch of subsequent faulting. 
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MIXERAIi DEPOSITS. 

GENERAL STATEMENT. 

Gold Gulch basin reall}' contains no mineral deposits of proved value and 
extent, but has a great number of prosi)ects. Few of these occur in the upper 
part of the basin in the great porphyry area, but the majority are concentrated 
along lower Gold Gulch and on both sides of Pinkard Gulch, always, as a 
general statement, preferring the contact of porphyry and sediments for their 
appearance. While a number of copper prospects occur, most of the deposits 
have been located on account of their gold values. The lower Gold Gulch con- 
tained placer gold and was protitabl}- worked for this at an early day. Its bed 
contains gold down to the junction with Eagle Creek, and even now a little 
money is made by -panning along it. There are at least three old arrastres in 
Gold Gulch and the foothills to the north of it, erected by prospectors who 
discovered the district about 1880. But although pockets of good value have 
been found in many places, the deposits thus far opened have seemed to lack 
regularity' and permanence. The gold occurs in free form on narrow little 
fissures, sometimes l)etween porphyry and limestone or in quartzite or shale, but 
always in the vicinity of porphyry. The strike is usually northeasterly or east- 
erh*. Ver}' little work w^as being done in 1902, and there was little opportunity 
of studying the deposits. The fissures usually contain some limonite, and the gold 
is associated with this. From this it may be surmised that the gold will be com- 
bined with sulphides in depth, and that conditions will be less favorable than 
on the surface. 

DETAILED DESCRIPTIONS. 

The road from Morenci to Eagle Creek first descends to the head of Silver 
Creek after having crossed the divide separating the drainage of San Francisco 
River from that of Eagle Creek. About 1,500 feet west of the road and at an 
elevation of 4,s<M) feet on the southern slopes of Silver Creek are two well- 
defined fissure planes, the more southerly of which is traceable for at least one- 
fourth mile. They separate porphyry from Cretaceous sandstone and shale, and 
1)}' friction breccias give evidence of faulting. Both of these have been pros- 
pected to some extent, the vein matter consisting of limonite and quartz without 
copper stain. 

A little farther down on the low divide separating Silver Creek from Gold 
Gulch is a prospect marked by a horse whim. A small mass of magnetite con- 
taining copper stains is here inclosed in porphyr\' and should probably be 
con^^idered as an inclusion of contact-metamorphosed limestone. 
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In the lower part of Gold Gulch and Pinkard Gulch lie a number of claims, 
located on veins with an east-northeast strike, most of them \yinfr between 
porphyry and sediments. For 8(X) feet above the mouth of Pinkard Gulch 
epidotized limestone with a considerable amount of copper stains is exposed in 
Gold Gulch and several prospects have been opened without finding any notable 
amount of copper ores. The Isabella is a narrow vein which crosses Pinkard 
Gulch 2,000 feet above its mouth. It is developed by several smaller tunnels. 
Good gold values have been found in spots along it, contained in the limonite 
along the vein, which seems to follow the epidotized contact of a porphyr\^ dike 
in limestone. 

'"The Buzzard's Shadow'' is the picturescjue name of another fissure vein 
located at the head of a small gulch draining directly into Eagle Creek; it is at 
an elevation of 4,800 feet one-half mile northwest of the mouth of Pinkard 
Gulch. This is a well-defined vein between limestone in the hanging wall and 
porph3'iT in the foot wall. The developments are of small extent. The vein 
consists of a zone 12 inches wide of crushed limestone stained b\' manganese 
and said to contain a long shoot with values of ^ in gold and 20 ounces silver 
per ton. 

On a point of sandstone and shale, partly baked by contact metamoiphism, 
2,000 feet northeast of the mouth of Pinkard Gulch, is a prospect with copper 
stains along a poiphyry dike 20 feet wide. From this it is reported that a small 
an)ount'of ore rich in gold has been exti'acted. 

Old arrastres are located in the gulches draining directly into Eagle Creek; 
the first is 1 mile west of the mouth of Pinkard Gulch; the other 1^ miles west- 
northwest of the same place; near both places small veins of ferruginous quartz 
containing gold have been found. 

A copper prospect has been developed by the Home Copper Company on the 
high hill (elevation 4,700 feet) overlooking Eagle Creek Valley, 1 mile south of 
the junction of Pinkard and Gold gulches. Carbonate ore occurs on the contact 
of the poqihyry and the Cretaceous sandstone and shale. 

One mile up from the mouth of Pinkard Gulch are the Soto and Cayuga 
claims. The former is developed })y a tunnel driven on the fault fissure between 
limestone and granite, but on this nothing of importance has been found, though 
some oxidized ore had previouslv been encountered in the limestone: this is 
probably due to contact metamorphism along a j)orphyry dike^ in this limestone. 

On the ridge east of the Soto claim are several small ore bodies in limestone. 
The Cayuga showed a good body of carbonate and silicate ore along a vein with 
an east- west strike and southerly dip of 55 ., which has a foot wall of quartzite and 
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a lijingfin^ wiill of liniostone. This fissure is not unlikely the direct continuation of 
the Soto fault. The structure in this vicinity is complicated. In general, the 
poi*phyrv has a tendency to form intrusive sheets hetwecMi tlie sediments. 

Half a mile farther east-northeast the Producer vein, which is, verv likelv, 
the continuation of the Soto fault, crosses the north hmnch of (iold (lulch. 
(loing up the slope toward the main divide, between Kagle C-reek and Chase 
Ch'eek, the outiMops of this vein are strongly marked ])v sheeted ferruginous 
' rock, copper stained in places. The fissure which seems to mark the contjict of 
|K)r[)hyry and granite dips 46- SSE. 



CHAPTER VIII. 

CHASE CREEK VALLEY BETWEEN MORENCI AND MET(\\LF. 

The area described in the following paragraphs lies between the great 
Morenci fault on the south, Coronado Gulch and King Ridge on the north, 
Markeen Mountain on the east, and the quartzite block south of Coronado Moun- 
tain on the west. It embraces many prospects and small mines, but contains no 
large producers. 

ROCKS. 

Granite, porphyry, and quartzite are the only rocks present in the area. 
Granite occupies the whole of Markeen Mountain and the upper part of the 
western slopes of Chase Creek. In the central part of Markeen Mountain it is of 
the normal type, reddish, coarse grained, usually disintegrating and crumbling on 
gentler slopes, and consisting of quartz, orthoclase, and perthite, the scant ferro- 
raagnesian silicates usually decomposing to chloritic products. For a varying 
distance — up to a mile — from the contacts with the porphyry the granite is greatly 
modified by fracturing, sheeting, extensive quartz cementation, and pyritic dis- 
semination. On the surface the pyrite is decomposed to limonite. The rock is 
yellowish red, of a diflferent tinge from the normal granite, and along the canyon 
of Chase Creek it weathers into fantastic forms by reason of its alternating hard 
and soft texture. Vertical cliflfs and sharp-pinnacled ridges form the salients, 
and cave-like recesses are often excavated in the steep declivities. Dark-green 
copper stains cover large areas on the precipices. Granite of this kind is well 
exposed in the canyon between the Longfellow incline and a point 1 mile south 
of Metcalf, also on the upper western slopes between the porphyry stock and 
the quartzite capping the main ridge. At many places the rOck is recog- 
nizable only with difficulty. 

The contiu^ts with the porphyry run extremely irregularly and are in places 
very difficult to trace. Included fragments of granite or breccias of granite and 
porphyry are conunon near the contacts. 

The (juartzite is best exposed in Chase Creek Canyon a short distance above 
the Longfellow incline, but also occurs at several places as smaller masses 
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included in porphyry. It is light gray or i^eddish, and should perhaps rather he 
called a quartzitic sandstone, for the individual quartz grains are often easily 
recognizable. It weathers dark brown as a rule. The exposures in this area 
rarely show plain stratitiiration. Near the great faults crossing Chase Creek 
aV>ove the Ix)ngfellow incline pyrite appears disseminated in quartzite. 

The porphyry forms a continuous belt from Morenci to Metcalf, a little less 
than 1 mile wide in its narrowest jmrt and near Metcalf broadening to nearly 2 
miles. The rock weathers to 3'ellowish-brown or reddish outcrops, very roughly 
and irregularly eroded. On fresh fi-acture it is yellowish or gra\' and shows closely 
massed small phenocrysts of albite or orthoclase, also bipyramidal quartz crystals 
several millimeters in diameter. The original biotite was sparingh' present, and 
is generally converted into chlorite. The groundmass is microcrystalline and 
consists of quartz and unstriated tieldspar. This acid rock is most closely allied 
to the granite porphyries. 

Fresh rock is hardly obtainable in this area. Everj'where the porphyry 
shows more or less extensive alteration, consisting in chloritization of biotite, 
sericitization of feldspars, cementation b\' quartz in veinlets, and frequently also 
disseminations of pyrite which, to judge from the efflorescence of cupric sulphate 
on dumps of tunnels, and from the "green paint'' (p. 121) covering many outcrops, 
always contain some copper. 

The porphyry forms an intrusive stock in granite bordering against the rock 
with most irregular and brecciated contacts. A great number of small dikes and 
irregular masses of ^wrphyry are contained in the granite near the contact. 

STRUCTURE. 

Complicated and detailed faulting has doubtless taken place, but in the 
absence of the sedimentary series it can not easily be traced. The area certainly 
forms a part of the lirst great fault block south of the C/oronado massif, and is 
adjoined southward ]>y a series of similar blocks dropping southward en Echelon. 
Its southern limit is formed by the fault which crosses Chase Creek at the 
(luartzite-granite contact atove the Ijongfellow incline and continues imperfectly 
traceable across the porphyry to the southern slopes of the peak, marked ]>ench 
mark r)370. The downthrow on the south side would appear to l>e over 1,000 
f(»ot at Chase Creek, while it diminishes westward to something like 800 feet, as 
indicated l)y the relations of (juartzite and granite southwest of bench mark 0870. 
In several places along C^iase Cn»ek Canyon t\u\ granite is cut by distinct and 
closely massed joint systems, most of the joints having a nortlieasterly direction. 
Joint svstenis and fissures with a north-northeast to north trend also cut the 
porphyry and most of them contain copper ores. 
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MIXERAL. DEPOSITS. 

GENERAL STATEMENT. 

The porphyry contains a few well-defined fissure veins, among which may 
be noted the Fairbanks and Las Termzas. The whole mass of the porphyry 
and much of the adjoining gmnite is doubtless cupriferous, fhe ore occurring 
as disseminations of pyrite with chalcopyrite, which accompany the extensive quartz 
cementation which the rocks have undergone. As a result of this, green copper 
stains are extremely common, and in anv tunnel driven it is common to find 
efflorescences of eupric sulphate. This has led to extensive prospecting, which, 
however, in most cases, has been fruitless of important results. Among the 
oxidized copper minerals chrysocolla, brochantite, and malachite are most common, 
though azurit^ also occurs. It is quite possible that underneath the more promis- 
ing oxidized ores of this kind pa3'able chalcocite ores may be found. But here, 
as elsewhere, this mineral is secondary and will at a varying depth change into 
the primar}' pyritic ores. As an evidence of this the prospect tunnels along 
Chase Creek Canyon almost invariably encounter ores consisting of quartz, p\^rite, 
and quartz in places with a little zinc blende or moh'bdenite. The deposits 
which have been most productive are those situated on the high ridges, like the 
Copper Queen mine, between Morenci and Metcalf. It is expected by many that 
exploration of this region by tunnels at moderate depth 'will lead to the discovery 
of great low-grade bodies of chalcocite ore in porphyry like those of Copper 
Mountain. 

From the Carasco claim, which still may be considered to belong to the 
Morenci group, the trail to Metcalf, by way of the Copper Queen mine, passes 
a number of prospects, some of which are worthy of note. 

DETAILED DESCRIPTIONS. 

Fwivhanlcii chnm, — On the second ridge northeast from Carasco a clearly 
defined vein appears, developed by several short tunnels. The principal develop- 
ments are on the Fairbanks claim, but the vein extends into the adjoining Lan- 
caster and El Capitan claims, all belonging to the Detroit Copper Company. 
The elevation is approximately 5,200 feet. The country rock is chiefly porphyry, 
although the granite contact, which runs very irregularly, is not far distant to 
the east. The deix)sit is a well-defined fissure vein, striking N. 18^ E. and stand- 
ing nearly vertical. The vein material consists largely of crushed porphyry, in 
which appear stringers and smaller masses of malachite, chrysocolla, and broch- 
antite. Good bodies of low-gmde ore are said to have been developed along this 
fissure, but only small amounts have thus far })een extracted. Along the con- 
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the pyrite is coated with ehalcocite, and a bod\' 3 feet wide of 5 per cent ore is 
said to be exposed. 

Half a mile above the incline is the Kingbolt tunneU driven along a narrow 
dike of porphyry striking east-west and dipping south. The ore is contained 
in an indefinite zone of crushed and pyritic granite, the pyrite being blackened 
bv ehalcocite. 

Fifteen hundred feet below the main granite-porphyry contact a small shaft 
in the bottom of the creek shows a little cuprite, brochantite, and ehalcocite in 
granite. A few hundred feet above is altered granite with disseminated pyrite 
and on the west side of the canyon a tunnel driven on a porphyry dike. Seven 
hundred feet Ijelow the contact on the east side, probably on the Bon Ton claim, 
which extends northeasterly, is a small tunnel on a narrow porphyry dike in highly 
ftilicitied granite. The dump shows an unusual amount of quartz, with pyrite 
coated with ehalcocite, and much molvbdenite. 



CHAPTER IX. 

METCALF DISTRICT. 

TOPOGRAPHY. 

A special map on tho scale of 1 to 12,000, or about 4 inches to the mile, has 
been prepared in order to show the more important mines in the vicinity of Metcalf 
(PI. XIX). This map covers an area of about 6,000 feet by 5,000 feet. The 
principal drainage line is Chase Creek, which flows from north to south through the 
western portion of the area. This is joined from the west b}^ Coronado Gulch and 
from the east by King Gulch, all these streams flowing in deeply incised canyons, as 
a rule of V-shaped form. The lower part of Coronado Gulch has, however, a broad 
bottom, deeph' covered with bowlders brought down by cloudbursts from above. 
Narrow bottom lands extend along Chase Creek from the junction of Coronado 
Gulch southward. The grade of Chase Creek is approximately 180 feet per mile, 
while King Gulch descends at the rate of 100 feet in 1,000. Coronado Gulch, King 
Gulch, and the upper part of Chase Creek are dry, containing water only after 
heavy rains, but from Metcalf down Chase Creek contains a small stream of water, 
partly fed by springs and partly the result of the drain water from Metcalf. The 
town is supplied by a pipe line from springs in Chase Creek 1 mile above the mines 
and also from wells in the creek bottom. 

Steep bluflFs, 200 to 400 feet high, line the course of Chase Creek above Metcalf. 
From the elevation of these bluflFs slightly gentler slopes, broken by sharp salients, 
continue up to the height.s of the divides, which lie from 1,000 to 1,500 feet above 
the creek. At the junction of Chase Creek and King Gulch the ridge between these 
watercourses rises in rocky crags 500 feet above the watercourse. Northeast of this 
extends* a more gently sloping ridgo, lying 600 feet above the valley, on which are 
situated the mines of Metcalf, belonging to the Arizona Copper Companv. Above 
this steeper slopes, dotted by tunnels and open cuts, lead up to the dark summit of 
Shannon Mountain (elevation 5,628 feet). The immediate summit forms a small, 
comparatively level area of dark, rough rock (Pis. XX to XXIJI). 

One thousand feet north of Shannon Mountain the ridge between King Gulch 
and Chase Creek narrows to a saddle with an elevation of 5,500 feet, but soon 
rises again to a broader backbone, which has an elevation of 5,700 feet, and 
continues for a mile northward up to the head of Gartield Gulch. 

16859— No. 43—05 20 305 
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injection of porphyry- in granite, hy quartz cementation of both, and by debris 
slopes. The area^* of granite on King Ridge near the incline appear to be large 
fragments torn loo:?e by the movement of the porphyry magma and wholly inclo:^ 
in it. Vertii-al sheetings, or ^hear zones, in the granite, ranging in direction from 
northeast to north-northeast, are noted in a few places on Chase Creek and on 
the slope^ from Coronado Mountain outride of the area shown on the special map. 

i<^.d'nh*fiiiViry x/v-/W. — The waterlaid rocks exposed on Shannon Mountain form 
a roughly triangular area containing approximately 1«h» aci"es, bordered on the 
ea>t and the west by granite and on the south b\' porphyry. On the whole 
the l>eds are horizontal or dipping at most 20- W. No separation in detail 
has been attempted on the map, for over large parts of the area the contact 
metamorphbim has V>een inteiLse enough to obliterate stratification and original 
characteristics. The apparent thickness of the complex amounts to 73<» feet, or 
2<H> feet less than that of the typical sci-tion as described from near Morenci 
(Pis. XIX, XXV). It is possible that this amount has here been reduced In- 
faulting, which in some places might be difficult to detect in the altered rocks, 
but it appears more probable that the strata are actualh' less thick than at 
Morenci, especially as such variations have l)een observed elsewhere in the 
Clifton quadrangle. The metamorphism and shattering is most intense on the 
south side, bordering against the main mass of porphyry: the least-altered part 
is situated on the steep slope toward King Gulch. 

The liasal part of the strata consists of heavv-bedded quartzite, clearh' cor- 
responding to the Coronado formation of other parts of the Clifton quadrangle; 
it is presumably of Cam))rian age. The rock is light gray and hard, petro- 
graphicall}' simibr to the Coronado quartzite as exposed elsewhere. The quartz 
grains are distinct, well rounded, and separated b}- tine-grained sericitic cement, 
so that the appellation quartzitic sandstone might be more appropriate. The 
only alteration which can be observed consists in the introduction of a little 
P3'rite. A thickness of \<)^) feet is exposed about loO feet above King Gulch near 
the northeastern margin of the Metcalf district, 630 feet of limestone and shale rest- 
ing on top of it. The quartzite lies on granite without basal conglomerate but in 
places fK)rphyr3' is intruded F>etween these rocks, probabl}' as a sill or sheet: 
dikes of porphyry* also cut the same rocks and penetrate the overlying limestones. 

On the western slope of Shannon Mountain and at nearly the same elevation, 
approximately 5,<KX» feet, a belt of the same quartzite is exposed; it is 1,000 feet 
long, 1<X> feet in thickness, and is cut by two large porphyry dikes. Presumably 
the same (juartzite has been found at an elevation of 4,978 feet in the so-called 
quartzite tunnel of the Metc*alf mines. A small fragment of this formation lies at 
an elevation of 5,lU0 feet on a spur overlooking King Gulch, 1,600 feet south of 
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Shannon Mountain, (iranite underlies it in the canyon and lime shale covers it, 
while porphyry adjoin.s it on both sides. Another fragment of the Coronado 
quartzite is exposed in King Gulch at the bridge connecting with the King 
incline. It is 500 feet long, 100 feet thick, and rests on the granite exposed in 
the bottom of the gulch ; porphyry, and in one place a little lime shale, covers 
it. On the east side of King Gulch, at a somewhat higher elevation, is another 
mass of quartzite with an apparent thickness of 200 feet. These two masses were 
evidently once connected and represent a down-thrown block dipping northward at 
a moderate angle. The fault plane along which it dropped down shows plainly on 
the w^est side, separating granite and porphyr3^ 

King Ridge contains four small irregular quartzite areas embedded in por- 
phyry; to some of these masses of granite are still attached, and the}" must be 
regarded as fragments torn loose and floating in the porphyry magma during the 
intrusion. 

On the east side of Shannon Mountain, w^here the sedimentary complex is best 
preserved, there rest above the quartzite 200 to 250 feet of limestone, at first 
shaly and sandy, then more massive. This part evidently corresponds to the 
Longfellow limestone (Ordovician) at Morenci, but is at least 100 feet less in 
thickness. This might be explained b^^ local faulting were it not for the fact 
that the basal quartzite is fairly well exposed at intervals around Shannon Moun- 
tain at elevations of about 5,000 to 5,100 feet. In the mine workings the Long- 
fellow limestone is well exposed at the Shannon, Wiseman, and Black Hawk No. 3 
tunnels. The limestone as a rule contains much silica and manv strata are dolo- 
mitic in composition. 

Above the Longfellow limestone there are about 100 feet of clay shales, man- 
ifestly corresponding to the Morenci shales (Devonian^). This horizon is well 
defined and fairh' easily recognizable on account of the relatively slight alteration 
to which it has been subjected. The upper limit of the shale, which is of gray 
color and fissile, is found below^ the central ore bod}' at about the level of the 
floor of the Brown tunnel (elevation 5,507 feet). 

South of the central ore })ody the shale rises to somewhat higher le>^el and 
dips 20^ W. It is well exposed all about the northern slope of Shannon Moun- 
tain. It crops prominently at the level of the gap near the Shannon boarding 
house, where the top stratum again reaches 5,500 feet in elevation. The exposures 
continue on the western slope of the mountain along the road from the boarding 
house to the Boulder tuimel, and extend from 70 feet above to at least 30 feet below 
this adit. At this point the top stratum is about 30 feet lower than on the east 
slope of the mountain, indicating a slight westerly dip. The Morenci shale is also 
exposed on the southern slope of the mountain, though the metamorphism has been 
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more inteiis<». rendoring it> apf^earance less characteristic. The Morenci shale is 
excellently ex|)osed in the Ik>ulder and Shannon tunnels, and here contains large 
bodies of low-grade ore. 

The summit of Shannon Mountain is occupied by. about 130 feet of sediments, 
whi(rh correspijnd to the Modoc limestone (Mississippian). At Morenci the total 
thickness of this formation is h)i) feet; verv likelv the diiference is accounted for 
by erosion which may have removed the uppermost part of the series. As at 
Morenci the Modoc! formation is characterized by a most extraordinary suscepti- 
bility to contact metamorphism. practically the whole of it being thoroughly 
altered. The least-altered exposures are found on the narrow l>ackl)one leading 
up to Shannon Mountain from the gap. AlK)ut 40 feet south of the lowest point 
of the gap, which is occupied by clay shale, rests a stratum of somewhat altered 
limestone, probably corresponding to the coralliferous limestone of Morenci. 
A)M>ve this lies 15 or 2n feet of (|uartzite which again is covered by coarsely 
crystalline limestone, which, as at Morenci, is distinguished by great purity. The 
dolomitic .>trata of Morenci apj>ear to 1h^ absent. North of the gap the shale is 
covered by W) feet of highly altcMed limestone, usually referred to as the ^^ cap 
rock." 

MfiianiorphiHm nf thi' hhIuiu ntx, — The sediments have been subjected to a meta- 
.Miorpliism which sometimes has progressed so far as to obliterate their original 
cfiaracler. The degre<» of metamorphism varies tirst according to the character 
of the strata. Th(» basal (piartzite is not alFected; the lower 200 feet of lime- 
stone and shaly limestone (Longfellow limestone), which generally contains much 
silica, is greatlv but not exc(»ssivc»lv altcMvd; the shales of the Morenci formation 
offer nuich resistance? to metamorphism, and an* in most cases easily recognizable. 
The up[)ermost limestones, corresponding to the Modoc formation (Mississippian), 
are in most places within this area excessively mc^tamorphosed. 

In th(» second place, the alt(»ration varies according to the distance from the 
{porphyry. The whole southern part of the area is very nmch more metamor- 
phosed than the northern half, and the? rocks close to the dikes more altered 
than those more distant from them. Practically all of the metamorphosed rocks 
contain copper in the form of chalcopyrite, malachite, azurite, brochantite, or 
chrysocolla, and altogether may possibl}- average one-half of 1 per cent. 

Th(; detached area.s in porphyry on the south side of Shannon Mountain 
generally form rough black outcrops, which consist of silica mixed with oxides 
of iron. In some places, as in the surface ciuarries of the Metcalf mines, thei*c 
may be some doubt as to the origin of these masses of iron rock, l)ut ordinarily 
their derivation from limestone or lime shale may be easily demonstrated. 

The small area of indistinctly stratific^d lime shale on quartzite exposed a few 
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hundred feet southwest of the bridge connecting with the King incline is of 
greenish-gray color; in places it is siliceous and also contains small quartz veins. 
Along the west contact with porphyry, which possibly represents a fault, are a 
number of small prospects; the shale here contains epidote and magnetite with 
which are intergrown azurite and malachite. The long area beginning 500 feet 
northwest of King Bridge consists in its southern end chiefly of "^iron rock," or 
an intimate mixture of fine-grained quartz, magnetite, limonite, and hematite, 
while in its wider northern part there is much shah' limestone onl}- partly altered. 
A few hundred feet north of this is a similar area, also embedded in porphyr}^ and 
reaching up to the main southern shoulder of Shannon Mountain. It consists of 
''iron rock" and its northern part also contains garnet. Similar also is the irreg- 
ular slab or fragment which extends 1,200 feet north from the quartzite tunnel 
of the Metciilf mines. The most westerly of these detached areas is that of the 
Shirley or Little Giant tunnel, which is roughly rectangular in form and is pene- 
trated by several small porphyry dikes. The prevailing rock is a tine granular 
mixture of hematite and quartz, but there is also some soft dark-colored lime 
shale containing well-exposed magnetite in the Shirley tunnel. This area shows 
copper stains throughout and harbors several bodies of rich oxidized ore. 

The main limestone area of Shannon Mountain is best entered by the old 
road which crosses the southeastern poi^phyry spur at an elevation of 5,280 
feet. The formation is here the Longfellow limestone. The contact is crossed 
250 feet from the point where the road rounds the spur. tor one hundred 
feet northward from the contact black '"iron-rock" is exposed, changing gradu- 
ally into a partly altered gray limestone, with much copper stain and tisjiured 
b}^ veinlets of quartz, calcite, and hematite. At 500 feet north from the contact 
a porphyry dike dO feet wide is crossed, which cuts shaly limestone so heavily 
copper stained as to constitute ore. At 250 feet farther north the main so-called 
Wiseman dike is crossed, 50 feet wide, and adjoined on both sides by zones 
of liuiestone partl}^ converted into epidote. A short distiuice farther north, at the 
northeastern margin of the Metcalf district, this dike meets another which con- 
tinues uphill on the contact of limestone and granite; in the angle between these 
dikes the limestone is converted to a granular mass of epidote, magnetite, and 
garnet. Along the contact dike this metamorphosed zone continues, 150 feet 
wide, for a couple of hundred feet uphill as far as the level of the Morenci 
shales, which, as usual, are but little altered. The contact dike and the main 
eastern contact of granite and limestone fall outside of the district, but have 
nevertheless been indicated on the special map. 

In these surface exposures oxidation has more or less obscured the true 
character of the rocks. Specimens from the levels of No. 3 Black Hawk and 
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Boulder tunnels, Shannon mine, show that the alteration of the Longfellow 
formation is produced by the development of epidote, garnet, pyroxene, mag- 
netite, actinolite, specularite, chalcopyrite, and pyrite b}' metasomatic processes 
in the limestone replacing the carlxjnate of lime. The replacement is rarely 
complete, as much calcite remains in the altered rock; much of the limestone is 
only slightl}^ altered and appears as a greenish-gray fine-grained rock with small 
crystals of magnetite, traversed ])y veinlets of pyrite and chalcop3'rite. Micro- 
scopical examination shows, however, that pyroxene and actinolite have also 
developed in the rock, sometimes along little veinlets of calcite, magnetite, and 
chalcopyrite. 

The cla}^ shales of the Morenci formation, which are well exposed on the east 
and west sides of Shannon Mountain, their top stratum having an elevation of 
from 5,480 to 5,000 feet, are comparatively little altered, except in the immediate 
vicinity of porphyry dikes, where they often contain bodies of malachite and 
azurite. Epidote is often developed in the shale, as well as minute seams of 
pyrite and chalcopyrite. The latter mineral is especially common in the shale 
opened by the Boulder tunnel; large masses of this shale are said to average 2 
to 3 per cent of copper. 

As at Morenci the pure limestones of the Modoc formation occupying the 
summit of Shannon Mountain exhibit an extraordinary tendency to metamorphism, 
garnet and magnetite being the two principal minerals formed. At the extreme 
northern end of the sedimentary area, where it )>orders against granite, porphyr}^ 
dikes cut the rocks; above the top of the Morenci shale rest 100 feet of Modoc 
limestone which now consists entirely of the minerals just mentioned. The nar- 
row ridge leading southward to the summit of Shannon Mountain from Shannon 
Gap shows the limestone directly overlying the shales; this is partly converted 
to light-yellow garnet and pyroxene, admirably showing the replacing character 
of the procesp. Above this point partly altered limestone continues for some 
distance along the narrow backbone to an elevation about ()0 feet above the gap, 
where a body of soft, almost unaltered, though very coarsely cryst*illine limestone 
remains; at present this is used as flux for smelting purposes b}^ the Shannon 
Companv. Immediatel}' above it lies the black, haixi mixture of partly decomposed 
garnet and magnetite, to which the name "cap rock" is given. Near the irreg- 
ulai* contact with the remaining mass of coarse!}' crystalline limestone the latter 
contains streaks and masses of 3^ellowish-gray garnet and iron ore, largely mag- 
netite, though now partly oxidized and hydrated. These masses are from a few 
inches to a few feet in thickness and run out into thin streaks, but have no great 
regularity as to form. The garnet and magnetite ar^ sometimes separated in 
larger masses, while at other places they are intimatel}^ intergrown. This zone 
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of irregular inclusions of gjirnet in limestone is perhaps 10 feet wide vertically. 
There are few gradual transitions to be observed from garnet to limestone. The 
conversion seems to be effected by sudden and almost coniplete metasomatism, 
but the garnet and magnetite have certainly developed in the limestone. 

This cap rock forms the whole summit of Shannon Mountain and has a thickness 
of about 130 feet. It is chiefly a heavy dark-brown or brownish-yellow garnet 
rock mixed with fine-grained (juartz, magnetite, and some residual calcite. The 
gjirnet is an andradite or iron-lime garnet; the process b}' which a pure limestone 
ha^ undergone such a remarka})le transformation is discussed in more detail on 
page 135. The cap rock contains copper stains throughout and considerable quan- 
tities of azurite and malachite are shown in many of the prospect holes near the 
summit, though the amount is scarcely sufficient to constitute payable ore. The 
"'cap rock" is more or less oxidized, both the magnetite and the garnet decomposing 
to limonitic products rich in zinc, probably as silicate, and in manganese as peroxide. 

The following anal^^ses made b}^ the chemists of the Shannon Copper Com- 
pany show • the composition of the limestones. Although of great purity the 
quarr}' limestone contains more magnesia than the corresponding stratum at 
Morenci. 

Analyses II and III represent the Longfellow limestone; both are partly 
altered b}^ the introduction of garnet and pyroxene, as indicated by the high 
percentage of iron and alumina. They are also rich in magnesia and decidedly 
dolomitic, but as it is known that the limestones of this horizon vary greatly in 
their percentage of that substance, it is scarcely to be inferred that the analyses 
indicate normal or average composition. 

Amilyses of limestonts froui Shannon mine. 
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A series of technical analyses of this 'Mron cap'- are available by the courtesy 
of the Shannon ('opper Company- and are herewith appended; they are supposed to 
represent the average composition of the "iron cap/' which evidently consists largely 
of impure limonite, mixed with magnetite, silica, and some aluminous silicate, 
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probal)l\" kaolin. Except in tboso samples which contain very much iron the 
alumina is rather hififh — not as high as in the porphyry ores, but decided!}' higher 
than in the ores of the red and central ore bodies. A ver}' notable concentra- 
tion of manganese and zinc, the latter probably as silicate, seems to have taken 
place in some of the iron ores. Copper is present throughout, probabl}' largely as 
cliry.socolla and partly as malachite. The original metamorphic rock probably con- 
sisted of garnet, magnetite, pyrite, chalcopyrite, and zinc blende. The complete 
elimination of lime in the oxidized iron cap, evidently derived by metamorphism 
of limestone, is very remarkable; the sulphides formerly present have been com- 
pletely oxidized. 

AiKdijiteft of iron coji from various points near the top of Shannon Mountain. 
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(iviinltr-pitrphiry, -As stated above, the porphyry which covers the southern 
and larger part of the area shown on the Metcalf special maj) is the northern 
end of the groat stock intruded between Morenci and Metcalf and occup3'ing a 
total space of several s(|uare miles. It borders against the granite with irregular 
outlines and at many places sends out dikes and apophyses into it, most of these 
having a northeasterly direction. The .sedimentary formations of Shannon Moun- 
tain are even more shattered than the granite, especially near the southern 
contact, and are penetrated by three prominent dikes with northeasterly trend, 
which may be referred to as the Black Hawk, Central, and Wiseman dikes, 
enumerating tliem from west to east. Toward the south these dikes widen and 
join as shown on the map, including between them isolated fragments of altered 
limestone. The contact metamorphism which the magma of the main mass and 
of these dikes has effected in the sediments has already been described. 
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The Metealf porphyry is rarel}^ seen in fresh condition. One of the best 
localities for this purpose is in a railroad cut near the mouth of King Gulch. 
On fracture this rock is of gra\^ish-green color and contains as phenocrysts man}^ 
quartz crystals bip3'ramidal in form and up to 8 mm. long; also abundant 
smaller, square feldspar crystals, usually soft and sericitic; these chiefly consist 
of orthockvSe and albite. There are also main' biotite foils, largely, however, 
conv^erted to chlorite. The groundmass probably originally consisted of orthoclase 
and quartz in microcrystalline structure, but now chiefly contains sericite and 
quartz, as shown on page 79. The rock is a sodic granite-porphyry. 

This type of rock, usually more altered, however, prevails throughout the 
northern and central area of the stock, but differs somewhat from the Morenci 
type of monzonite-porphyry, exposed on Copper Mountain, in containing larger 
and more abundant quartz phenocrysts. The diorite-[)orphyr\^ exposed at several 
places west of Morenci is lacking at Metealf. 

The outcrops which are well exposed throughout the area are very rough and 
of a yellowish or brownish-\'ellow color; the quartz crystals stand out prominently, 
while the smaller feldspar phenocrysts are apt to be weathered out, producing a 
peculiar pitted appearance. The blufl's on both sides of Coronado Gulch up to 
elevations of 800 feet above Chase Creek consist of a soft, white porph} ry breccia, 
sometimes with fragments of quartzite. In this rock no copper prospects are 
found. Higher up on the same spur the normal massive porph^^ry begins, but 
is greatl}' altered and cemented b}^ veinlets of quartz. The eastern slopes along 
Chase Creek, south of King Gulch, are less altered, but higher up toward the 
summit of King Ridge the quartz cementation becomes very prominent. Prac- 
tically all of the porph^^ry on Shannon Mountain is verv soft and chalky, the 
color as exposed in the tunnels and open workings being brilliantly white. The 
steep bluff between Chase Creek and King Gulch consists of a normal yellowish- 
brown quartz porph}' ry, with many rusty small quartz seams. Weathered out- 
crops of porphyry often show large stains of ''green paint,'' an efflorescence of 
dark-green mammillary crusts which have been shown to consist of a mixture of 
silica, ox3'chloride, and nitrate of copper (see p. 121). 

The hydrothermal alteration of the Metealf porphyry chiefly consists in a 
sericitization by which all of the feldspathic constituents, both phenocrysts and 
groundmass, become converted into a tine-grained sericite felt, while the quartz 
remains unaffected. In many places, as in the Metealf mines and in many of the 
dikes of Shannon Mountain, pyrite and chalcocite have been introduced, the former 
in small crystals contemporaneously with the sericitization, the latter added at a 
later date. Finall}^ the porphyry- is nearly everywhere extensively fractured and 
cemented by quartz veinlets running in all directions, but chiefly northeasterly, 
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which seems the domimitin*^ structural direction of this district. The veinlets of 
quartz sonietinies also carry pyrite, though on the surface this mineral is every- 
where decomposed. Most of the copper is indeed also leached from the porphyry 
at the surface, though sometimes malachite stains or small stringers of chalcocite 
are seen. Northeasterly sheeting, or shear zones, may be noted in seveml places. 

DISLOCATIONS. 

Here, as elsewhere in the Clifton <iuadi*angle, there is no evidence of dislo- 
cations of the rocks previous to the irruption of the porph^-ry. This event, by 
which a j^tock of intrusive magma 4 miles long and up to 1 mile wide, was 
introduced into the crust of granite and covering sediments, clearly involved a 
violent dislocation. Along the contacts and especially' in the less compact sedi- 
mentaiT series great complications occur. Apophyses and dikes of poi*phyry 
extend from the main mass, chiefl}' in a northeasterly direction; frequent contact 
breccias illustrate the violent nature of the intrusion; torn fragments of sediments 
and gmnite float in the porphyry, as well illustrated on the map. After the 
cooling of the porphyry the same forces which had opened a space for the stock 
along a northeasterly line persisted with less intensity. Northeasterly fissures like 
the King and Jameson veins were produced, probably b}^ compressive stress; a 
northeasterly jointing or sheeting of the porphyry — sometimes also of the sur- 
rounding granite — took place, but the conditions were rarelv such as to lead to 
the formation of open Assures. Occasional fractures, trending northwest, crossed 
this sheeting. The intrusion of the porphyry occurred in the Cretaceous j^eriod 
or immediately after it. The main epoch of dislocation by which the whole 
region was divided into blocks, along which very extensive faulting took place, 
occurred after the consolidation of the i)orphyr3' and after the formation of the 
jointing and fissure veins, but before the great Tertiary lava flows. On a 
smaller scale this faulting has probably contiimed to the present day. The 
special map and the section (Pis. XIX, XXV) represent at least one of these 
faults which separates the whole northern and western side of the sedimentary 
seri(»s from the granite. The normal position of the granite is everywhere below 
the Caml)rian (juartzite, but along the contact indicated the former rock borders 
fiist against the Silurian limestones, then, on the west side of Shannon Mountain, 
against the Devonian shales, and flnall}^ on the ridge north of the gap, against 
the lower Carboniferous limestone. Descending on the east side this sequence 
of conUict is reversed, and a little above the level of King (Julch the (/ambrian 
quartzite is again adjoined by granite; along the lower part of this contact line 
a porphyry dike lies on the junction. Porphyry dik(»s contained in the sediments 
sto]) on reaching the granite. Although the fault plane itself is not indicated 
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b}' friction breccia or slickensides, really good exposures being nowhere obtain- 
able, it seems evident that these conditions can not be explained except on the 
assumption that the granite contact marks a sharply defined fault plane dipping 
southeast at a moderate angle. Similar phenomena were observed elsewhere in 
the Clifton (juadrangle. 

No evidence of faulting was observed along Chase Creek above Metcalf, and 
it seems more likely that the main fault plane referred to above takes a more 
southerlv trend westward from the Matte tunnel and is hidden below the mass 
of debris. In no place is there an}^ indication of workable bodies of copper ores 
along this fault. The dislocation is easily measured l)y the position of the 
quartzite. North of the Shannon Gap, a short distance beyond the margin of the 
Metcalf district, this rock rests on granite at an elevation of 5,700 feet, while in 
King Gulch the same contact is found at 5,000 feet, 700 feet being probably a 
close approximation of the vertical component. The quartzite rests on Coronado 
Mountain at an elevation of 7,000 feet, 2f miles west of Metcalf. A fault of 
the first magnitude, with a north-northeast strike, is evidentl}' located at the foot 
of the granite blufi's 1 mile west of Metcalf. 

Several minor faults probably traverse the altered sediments, but they are 
diflBcult to tmce with certaint}'. One slight dislocation ma}' follow the east con- 
tact of the central dike. Other minor faults are those on both sides of the 
quartzite at the foot of the King incline, throwing a block of this rock 300 
feet lower down, or to an elevation of 4,700. 

The altered porphyry of the Metcalf mines contains man}' smaller slips and 
fissures, but many of these are of recent origin. 

As elsewhere in the quadrangle, the sedimentary blocks have often a slight 
dip of up to 20^ W. This is noted at several places in the workings of the 
Shannon mine; but, as the quartzite on the east and west side of the mountain 
lies at approximate!}^ the same level, step faulting has probably taken place. 

GROUND WATER. 

As stated above. Chase Creek, below Metcalf, contains a small perennial stream 
of water, largely fed by springs in the bottom of the creek. At a short distance 
above Metcalf it is dry for some distance until, about a mile above town, fairly 
strong springs again appear. These alternating conditions are repeated farther 
up. Small springs of good water break out in the lower part of Garfield Gulch, 
2 miles above Metcalf. Two or 3 miles farther up the bed contains a small but 
permanent stream of water. 

Coronado Gulch is dry, as is King Gulch, up to a point near the northeastern 
edge of the mapped area, from which point up pools of water of poor quality. 
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of good grade has been shipped from this inine by way of the King incline. 
Active sloping was carried on in 11H)2. The main w^orking tunnel is a crosscut, 
which in a short distance strikes a well-detined vein having a northeasterly course 
and a moderate northwesterly dip. On this level the vein soon opens to an ore 
body having a width of up to 50 feet. Forty feet above the tunnel level the 
width is 20 feet. The ore, which occurs in softened white porphyry of the usual 
Metcalf type, consists of disseminated pyriU^ coated with chalcocite, the ore body 
extending on }x)th sides from a central seam of glance and pyrite. The Jameson 
vein is joined by another, striking a little west of north and dipping 60^ NE. 
Where these two veins meet a large ore body results. The drift farther northeast 
on the vein on this level shows much pure pyrite disseminated in porphyry, and 
the ore is of poor gmde. The richest bodies of chalcocite ore were found about 
2oO feet above this level. Small amounts of oxidized ores occurred near the surface. 



METCALF MINES. 

The Metcalf mines l)elonging to the Arizona Copper Compan}' are situated on 
the southern slope of Shannon Mountain up to an elevation of about 5,200 feet, 
or 800 feet above Chase Creek. Owing to the prominent outcrops the mine was 
one of the earliest locations, and active work on a large scale had already been 
begun in 1879, when the railroad between Clifton and Metcalf was built, and has 
been carried on without any interruption since that date. The total production 
is difficult to ascertain, as the ore is smelted with the Longfellow ores. During 
the last few years the Metcalf mines may have produced, roughly, 5,000,0(X) pounds 
of copper per annum, and a total of 20,000 tons is probably a conservative figure. 

All of the workings of the Metcalf mines are situated on the south shoulder 
of Shannon Mountain between the elevations of 4,700 and 5,100 feet. Most of 
the ore has been taken from a series of open cuts or quarries on top of the 
ridge, at elevations })etween 5,000 and 5,100 feet, occupying a triangular area 
coi'.taining about 10 acres. A consideral)le amount has also been stoped from 
several levels by the square-set method. The levels are as follows: 

Lereh of the Metro If taines. 



Level. 



(^uartzite tunnel and first level 

I Second level 

I Wilson Ic^vel 

I Kinj; and Little Giant levels.. 

I 



, Elevation 
I abov* sen, 
in feet. 



4,978 

4, 9:w 

4,836 
4,740 
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There are no tunnels below the King level. A shaft was sunk some years 
ago in the creek lK)ttom at the upper end of the town, hut although some seams 
with a little chalcocite were found the workings are said to have failed to dis- 
close any ore bodies of value. 

The prevailing rock is a soft, white, sericitic porphyry, greatl}^ shattered 
and cemented by quartz seams. The deposits lie practically entirely in this por- 
phyry close to the point where the main stock breaks up into a maze of dikes 
and enters the sedimentary area. From the name of the principal claim this 
mass of porphyry is sometimes spoken of as the '^Little Annie dike,'' although 
it really only forms a part of the main stock. 

In the northern part of the main ore-bearing area the porph3'ry contains 
irregular masses of " iron rock," which is chiefly a mixture of limonite and quartz 
and as to origin mainly a metamorphosed limestone. Most of the underground 
workings also disclose bodies of shale or metamorphic limestone which appear to 
be contained as inclusions in the porphyry. The surface to a depth of 30 or 40 
feet is leached and contains only a small percentage of copper, the porphyry 
being stained by numerous seams of limonite. The ore lies below this and con- 
sists of a white, soft porphyry with irregular seams of malachite, chrysocolla, 
brochantite, more rarely azurite, cuprite, native copper, and chalcocite, the latter 
three minerals occurring in irregular bunches, chiefly in the stopes above the 
Wilson level. Some verj^ fine specimens of intergrown native copper and cuprite 
have been found, covered with malac^hite, azurite, brochantite, and chrysocolla as 
green and blue crusts. No chalcopj^rite has been noted; pyrite occurs fairly 
abundantly in seams on the Wilson level. The ores have generally been deposited 
b}^ replacement in the mass of the porphyry; quartz and scricite, together with 
a little kaolin and chalcedony, are the only important accompanying minerals. 

The general trend of this copper- bearing zone is north-northeast, but its 
limits are indefinite, gradually shading off into nonpayable, though mostly altered 
porphyry. The whole ore bod}^ may average 2 or 2^^ per cent, which, b}^ sort- 
ing, is carried up to 3^ per cent. A large amount of higher-grade ore, however, 
has been stoped on the Wilson level. Minor slips and faults are verv plentiful, 
but they run in all directions and do not form a well-defined shear zone or joint 
system. Slips with an easterly or northeasterly direction are perhaps most 
prominent. The whole ore ))ody extends in a general north-northeast direction 
and the underground stopes also have this trend. 

The first level, which is 45 feet above the top of the longer incline, runs 
near the surface, connecting a labyrinth of surface cuts and open quarries. 

The so-called quartzite tunnel on this level, 600 feet north-northeast of the 
top of the big incline, penetrates the hill for 300 feet in a nearly easterly direc- 
tion. It is driven in the lime shale, which adjoins the so-called Little Annie 
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porphyry dike on the northwest and struck the Coronado quartzite at it« farthest 
point. No ore bodies of importance are opened })y it. 

The second level opens the main body of porphyry, and in many places 
stopes extend to within 30 feet of the surface from it. It is intended to open 
the whole deposit as a vast quarry from this level and to employ steam shovels 
in the mining. The main stopes are situated about 600 feet northeast of the 
mouth of the tunnel near the top of the larger incline. The porph^^ry on this 
level contains many streaks of iron rock, most of which represent thoroughly 
altered fnigments of shale and limestone. At only one place, near the north 
end of the level and not far from the quartzite tunnel, was clearly recognizable 
shale noted. At this point a body of 7 per cent ore several sets wide was 
extracted. 

The Wilson level, 100 feet below the second level, is for the first 360 feet 
a crosscut in rather fresh and compact porphyry, containing many small seams of 
pyrite. At the end of this crosscut the ground below the surface stopes is sys- 
tematically prospected by a quadrangle of drifts, the farthest point of the workings 
being 600 feet east of the tuimel portal. In this level the porphyry contains 
many slips, chiefly running east and west, and some small wedge-like masses of 
clearly recognizable shale. Pyrite seams are abundant, containing a little chal- 
cocite, but no great amount of ore was found up to about 30 feet above the level. 
Here a long line of stopes have been opened and are mined up toward the second 
level. They are approximately' 450 feet east of the i)ortal, and extend for over 
200 feet in a general north-noilheasterly direction up to 50 and even 70 feet 
wide. At the west side lies a wall of shale not clearlv exposed in the second 
level. The stopes contain in places very rich ore with much cuprite, native 
copper, and chalcocite in a bleached porphyry. There is also a smaller amount 
of brochantite and malachite. 

On the lowest level, 100 feet below the Wilson, the ridge has been pierced 
in an east -southeast direction by the King tunnel, 1,700 feet long, constructed as a 
convenient outlet for the ore from the King and the Jameson mines. Its central part 
is below the most northerly- surface cut and stopes on the second level, but no 
important ore bodies have been opened by it. The first 550 feet are in porphyr}' 
covered with • efflorescence of chalcanthite; 350 feet from the mouth the rock 
becomes harder and contains some pyrite; at 450 feet a well-defined seam with 
some copper ore crosses and has been opened for some distance east and west, but 
in the latter direction becomes indistinct upon reaching hard porphyry. A belt 
of lime shale 200 feet wide begins 550 feet from the portal; it contains seams of 
pyrite and calcit€, but very little copper ore. Near the west contact of this 
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shale a distinct vein crosses with 10 feet of breccia and some chalcocite. Beyond 
this follows a belt of hard pyritic porphyry 80 feet wide. Shale then begins 
a^ain with well-welded contact and continues for ov^er 400 feet. Only one small 
seam, dipping north, cuts across it. At 400 feet from the east portal hard 
porphyry begins, but soon becomes softer, and like the rock at the west portal 
is coated with efflorescence of copper sulphate. At the east portal a slip strik- 
ing N. 20^ E. and dipping 50^ W. separates pyritic porphyr}' on the west from 
quartzite on the east. 

Two belts of lime shale occur on the surface above the tunnel, but are much 
narrower and do not correspond in position with those crossed l)y the adit. 

The universal distribution of pyrite through hard rocks in the center of the 
ridge and the efflorescence of sulphate near the portals in the decomposed rocks 
should be noted. 

On the same level and not far distant is the Shirlev or Little Giant tunnel, 
which opens a deposit different from those just described and more similar to the 
Shannon ore bodies. The tunnel runs for 800 feet northeasterly through iron 
rock and less altered lime shale. It then bends eastward and in this part several 
short crosscuts have reached porphyry corresponding to the open cuts of this 
rock mined above. Two main ore bodies are contained in the lime shale; the 
tirst lies 100 feet west of the adit, evidently following the course of the narrow 
porphyry dike which shows above on the surface. These stopes have a north- 
easterly direction and are 120 feet long and up to 18 feet wide; the ore, which 
is rich, consists of chalcocite and copper carbonates. A slip dipping 45° NW. 
borders the ore body on the northwest side. The second ore body is in the main 
tunnel and has more the form of a shoot or pipe. Both extend to the surface, and 
also below tunnel level, as shown by two winzes 90 and 60 feet deep. 

SHANNON MINE. 
DEVELOPMENT. 

This property, owned by the Shannon Copper Company, consists of some 20 
claims located contiguously and covering the summit and upper slopes of Shan- 
non Mountain, but extending in one place on the west side down to Chase Creek. 
Originally the propert}^ consisted only of the Shannon claim, one of the earliest 
locations in the district, which contains most of the important ore bodies, but in 
1900 a number of surrounding claims were purchased from the Arizona Copper 
Company and active development of the property began. Smaller quantities of 
rich smelting ore had been shipped previous to that date from the croppings of 
what are now known as the central and the Black Hawk ore bodies. Since 1900 
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the property has been developed by several thousand feet of workings, chiefly 
crosscuts and drifts. The principal tunnels are as follows (Pis. XIX, XXIV): 

TuiuieU of the Shannoii mine. 



Elevation 
in ftH?t. 



Elevation 
in feet. 



Smoky, Brown, and Kelly tunnels (110 

feet l>elow the gummit) 5, 50<) 

Mexican tunnel 5, 467 

Young tunnel 5, 422 

Climo tunnel 5, 413 

Boulder, Shannon, and Maa^ tunnel^il . . 5, 339 



Black Hawk tunnel No. 2 

I larrison tunnel 

Wiseman tunnel 

Black Hawk tunnel No. 3 
Matte tunnel 



5,298 
5,270 
5,179 
5,176 
5.000 



Several shafts and winzes connect these tunnels; Green shaft, at the mine 
office (elevation of collar 5,530 feet), extends to Black Hawk No. 2 level; Young 
shaft from the surface to Young tunnel. The developments are ver}' extensive, 
consisting of several miles of drifts and tunnels. 

The Boulder tunnel is used as the main outlet for the present. It connects 
by a short tramway with the prominent point, 1,000 feet west of Shannon Moun- 
tain, from which a very steep slope descends directly to Chase Creek. On this 
slope the incline has }>een laid out. This incline is 1,200 feet long and has an 
average des(;ent of 35 degrees. It is provided with double tracks and extensive 
ore bins, from which the ore is directly loaded into the cars which conve}' it down 
to Clifton, where the Shannon smelter is situated. The incline is of course 
operated l)y gravity and is controlled b}^ brakes operated by compressed air. 

GEOLOGICAL FEATURES. 

As described above in the paragraphs devoted to the general geolog}', Shannon 
Mountain is occupied by horizon till or gently inclined Paleozoic limestones which 
seem to comprise the whole series from the base of the Ordovician to the lower 
part of the Mississippian, a total thickness of 530 feet. This bodj^ of sedimentary 
rocks forms a somewhat irregular, equilateral-triangular area with a side of about 
2,000 feet. On the south it is adjoined by a very large area of poi-phyry which 
near the limestones breaks up into a number of dikes irregularly penetrating the 
sedimentary rocks. On the north and northwest side the limestones are adjoined 
by granite and are undoubtedly separated from them bj' a prominent fault. The 
sedimentary series is greath' broken by the effect of the intrusion as well as by 
subsequent faulting, and the horizons are sometimes difficult to identif3\ At the 
base lies 100 feet of quartzite resting in places on granite and in places on 
porphyry, which also breaks through it. 
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The limestones are affected by ver}^ extensive mineralization and contact 
metamorphism. The top of the mountain consists of a solid mass of garnet, 
magnetite, and limonite, and most of the limestone on the west side is very 
greatl}^ altered to magnetite and garnet, these constituents being again decomposed 
into silica and brown oxide of iron. On the east side, below the cap rock of 
garnet, the limestones appear somewhat less altered and their stmtification and 
dip can be more clearl}' ascertained. 

The porphyry and sediments of the Shannon claims contain throughout a 
varying amount of copper, which in places is so high that the rocks may be 
considered as copper ores. 

ORE BODIES. 

The developments have disclosed a number of large ore bodies, usually sepa- 
rated indefinitely and irregularly from the surrounding rocks. They consist in 
part of altered porphyry dikes with disseminated copper minerals, but some of 
the largest and most important were evidently originally calcareous sediments 
which have been subjected to contact metamorphism and subsequent oxidation 
by atmospheric waters. 

Comet claim, — This covers Shannon Gap and part of the rising ridge north- 
ward from it. Shale is exposed at the gap, but is soon covered by heavy garnet- 
magnetite rock, which continues to the main contact with the granite, 900 feet 
north of the gap. This garnet rock, representing part of the Modoc formation 
(Mississippian), is cut by two dikes. Shale continues at about the level of the 
gap along the east slope, while on the west slope there is a gentle declivity 
which is deeply covered by gi*anitic debris, below which granite outcrops. 
Quartzite was noted in a small outcrop in this area 200 feet north of the Shan- 
non boarding house. The dike which runs on the east side of the boarding 
house soon bends westward and continues in shale down to the granite contact, 
beyond which it can not be traced. Its maximum width is 100 feet. 

The Comet claim contains indications of ore at several places and may well 
yield good results upon more thorough prospecting. 

Black Hawk ore hodi^s, — The Black Hawk poi*ph3^ry dike cuts through the 
Morenci shales at the gap; near this place it is from 25 to 50 feet wide, soft 
and decomposed, sometimes sheeted, striking south-southwest and dipping 65"^ to 
70^ WNW. The first workings of importance are near the Climo tunnel (eleva- 
tion 5,4:30 feet), which near the portal cuts this dike. The ores consist of 
much azurite and some malachite, together with limonite and black-manganese 
minemls; they occur in the shale on both sides of the porphyry, partly also in 
the latter, and have been taken out to a width of 20 feet. At 600 feet southwest of 
the Climo tunnel the Boulder tunnel cuts the same dike and exposes 8 feet of 
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cuprite and chalcocite ore on its west side; tlie ore is largely derived from shale, 
but is also found of lower grade in the porph^^ry dike, which as usual is soft 
and altered. The clay shale adjoining the porphyr^^ on the east contains pyrite, 
chalcopyrite, and chalcocite in small seams, and for a distance of 300 feet, up to 
the Office or Central dike, carries from 1 to 3 per cent of copper. 8eveml small 
masses of porphyry occur in it and these are usually richer, containing much 
disseminated chalcocite. A short distance south and north of the Houlder tunnel, 
at slightly higher levels, the Black Hawk 8to|>es follow the dike of the same 
name, each of them being 120 feet long, up to 50 feet wide, and extending to 
the surface, a distance of 75 feet. Much rich azurite ore has been extracted 
from these stopes and considerable of lower grade remains. 

Black Hawk No. 2 tunnel, 200 feet south of the Boulder tunnel, at an elevation 
of 5,298 feet, running northeasterly, develops the same ore. Weathered shale 
begins at the mouth and continues for several hundred feet. In the northwest 
drift the same porphyry dike is met, here dipping 45"^ N\V.; it contains pay- 
able ore, and copper carbonates are found in the shale along the contacts. 
The northeast drift is in clay shale to the end; it dips slightly northeast and 
contains a little pyrite and chalcopyrite. The part exposed near the roof of the 
tunnel appears leached, while that near the bottom looks better and is said to 
contain up to 3 or 4 per cent of copper. 

The same ground is exposed b}' the Black Hawk No. 3 at an elevation of 
5,176 feet. The first hundred feet penetrate limestone and shale with some por- 
phyr}^ all ver}^ leached and rusty, with only a trace of copper; 400 feet from 
the mouth hard limestone begins. The porphyry dike is found 500 feet from 
the mouth, for which distance the tunnel maintains its northeasterly direction. 
It contains no payable ore. The compact, bluish-gray, partly dolomitic limestone 
contains some pyroxene and garnet as well as seams of pyrite and chalcopyrite, 
and is said to carry up to 3 per cent of copper. In one place the limestone 
contaiiLS a streak of long fibrous asbestos. 

Hed ore hody. — ijooA ore outcrops on the surface on the western side of the 
mountain along the road from the Shannon gjip to the office of the company at 
the 5,542-foot bench mark. These outcrops extend for a))out bO() feet, with a 
considerable width, chiefly along the eastern side of the porphyry dike designated 
as the ''Central" or '"Office" dike. Along the road a few hundred feet north 
of the office fine azurite and malachite ore with limonite and black-manganese 
minerals was exposed, the ores contained in greatly altered limestone, some of it 
still remaining in fairly fresh condition. A little southeast of the office is the 
Green shaft. At this place the ore is partly contained in the porphyry dike 
and consists of nearly pure brochantite. The surface extent of this ore body. 
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the hard, partly metamorphosed, dolomitic limestones on the east contain frequent 
seams and disseminations of p^^rite and chalcopyrite associated with pyroxene, 
amphibolite, and magnetite. 

At 100 feet south of the Green shaft the first west crosscut, Shannon tunnel, 
passes through a porph^^ry dike 30 feet wide; south of this is shale, which 
really immediatel}' adjoins the red ore body on the south. This shale continues 
for 150 feet southward. It is rusty, contains seams of pyrite and chalcopyrite 
similar to the shale between the Black Hawk and office dikes of the Boulder 
tunnel, and forms a large but low-grade ore body the extent of which is not 
fully known. 

Soutlterii ore hodies. — The several porphyry dikes traversing iron rock 500 
feet south of the summit of Shannon Mountain converge eastward and iiin into 
the strong Wiseman dike, which extends down the southern slope of Shannon 
Mountain. The surface rock is generall}^ leached, but at a depth of 1(K) feet 
becomes productive and contains disseminated chalcocite. The Young tunnel, 
trending northeast and having an elevation of 5,422 feet, traverses 200 feet of 
leached porphyry and then exposes a mass of poi*phyry 200 feet wide, well 
impregnated with pyrite and chalcocite, forming an ore of very good grade. 

• 

Similarly, the first few hundred feet of the Shannon tunnel (elevation 5,339 
feet), 180 feet east of the Young tunnel, are in lowgrade leached poi*phyrv. 
But the first east drift and the Maas tunnel on the same level exposed the same 
body of porphyry with disseminated pyrite and chalcocite, forming a body of 
concentrating ore of excellent grade, said to be up to 200 feet wide. The shale 
adjoining this dike contains values for a few feet from the contact, but farther 
away is mostl}^ barren. 

The Wiseman tunnel cuts the same dike about 400 feet farther northeast 
and 160 feet lower (elevation 5,179 feet), penetrating first 500 feet of limestone 
and lime shale, the latter, in places, containing a little cuprite. The dike is here 
over 100 feet wide and contains chalcocite and pyrite. The ore is said to be of 
a good concentrating grade. It is believed that nmch low-grade ore is avail 
able between this level and the Young tunnel, 250 feet higher. 

Central ore hody, — It remains to describe the highest ore body of the hill 
directly underlying the iron rock of the Shannon Summit. This ore, usually 
referred to as the central ore body, was discovered at an early date and some 
rich ore stoped before the organization of the present company. Access to it 
is obtained from the Smoky and Brown tunnels on the east side of the hill 
and from the Kelly tunnel near the Green shaft; these are at a level of 5,506 
feet, but the ore body in places extends 45 feet above this elevation, and also 
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the same distance below, down to the level of the Mexican tunnel, started on 
the east side of the hill 200 feet south from the portal of the Brown tunnel. 
Old stopes are found at the mouth of the Brown tunnel, where the heavy iron 
cap forms a bluff above the shale; the stopes are cut 20 to 30 feet high in the 
lower part of the iron rock, which, as indicated above, is a replacement of lime- 
stone by garnet, magnetite, and copper ores. The so-called Big stopes, which 
are 30 feet high and from which ore was extracted several years ago, are 
situated on the level of the Smoky tunnel, 200 feet west of the mouth of the 
Brown tunnel. South of these the drifts on the Smoky level have disclosed a 
larger body of ore, 200 by 300 feet in horizontal section, containing 30 to 45 
per cent of iron and from 6 to 8 per cent of copper, as malachite, azurite, and 
brochiintite; there is also much pyrolusite, and the mass of the ore consists of 
hematite and limonite. The primary character of this large mass of oxidized 
material is not clearly perceived at once, but on the outskirts of the body garnet 
and magnetite are apt to be found, indicating its original composition. Chal- 
copyrite is in all probability the mineral from which the oxidized copper has 
been derived. As stated, the ore extends in places down to the Mexican level 
in the shale, where chalcocite is occasionall}^ found. The so-called sulphide winze 
extends from the Mexican down to the Boulder tunnel, near the southern end 
of the central ore body. Here the central ore body extends down to within 18 
feet of the Boulder level along a seam dipping 70^ W. The ore, which is only 
a few feet wide, but very rich, contiiins chalcocite, cuprite, and metallic copper; 
a porphyry dike lies on the east side and shale on the west, the ore making 
between the two. South of this point the drifts on the Smoky tunnel run into 
barren shale dipping 20° W. 

On the whole the centi*al ore lies as an irregular horizontal body in the 
lower part of the Modoc (Mississippian) limestone, only in places reaching down 
into the shale; it should be considered as the product of surface oxidation acting 
on a rock consisting of magnetite, garnet, and chalcopyrite, itself a replacement 
product of limestone, by contact metamorphism. The ore is often loose and cel- 
lular, indicating a reduction of volume; cavities with roofs of renifomi limonite 
are sometimes found in it. 

Analyses of ores, — The following technical analyses have been kindly put at 
my disposal by the oflScers of the Shannon mine. They are not meant to repre- 
sent the average of the ores as to percentages of copper, but simply to give a 
general idea of their composition. 
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Analyses of oxidized and sulphide or*>sfrom Shanjwn mine. 



Smoky tunnel, central ore body. 



Shannon tunnel. 



I. 



Cu ! 34.2 

8R\ 5.2 

Fe.. 

Al,Os 
CaO. 

MgO None 

Mn 

Zn. 

8 .. 

S()3 

CO, 



II. 

11.7 
27.8 



III. 



H,0 



18.7 


28 


2.5 


7 


None. 


None. 


None. 


None. 


None. 


None. 


Trat-e. 


None. 


Trace. 


None. 


Trace. 


None. 


19 


11.1 



10.7 

6.2 

47 

4.5 

None. 

None. 

•3 

.9 

None. 

None. 



7.6 



IV. 

4.4 
45 

26.9 

5.8 

Trace. 

Trace. 

.5 

None. 

None. 

None. 

5.1 



V. 



1.6 

20 

49.4 

5.2 

None. 

None. 

.3 

Trace. 

None. 

None. 

2.2 











VI. 


VII. 


VIII. 


IX. 


6.3 


4.8 


7.8 


10.4 


24 


67.5 1 


24.9 


47 


39. 1 


12.3 


30.5 


9.1 


9.7 


3.6 


9.1 


13 



West ore No. 1 ^?){J," 
body. cro«»cut.i ^^Jf}*^ 



XI. 



2.62 


5.14 


36.06 


16.94 


19.52 


•1.58 



Trace. 


None. 


1.9 ' 


Trace. 


None. 


None. 


None. 


None. 


None. 


1 


.9 


al.6 


None. 


.2 




None. 
6 






5.6 


8.6 



3.1 
None. 

1.8 

3. 1 
None. 

5.3 



14.12 i 22.41 



7.76 1.52 



11.10 



4.20 



a Up to 9 per cent Zn. 



Analyses I-VIII represent the central ore body; the red ore body is in gen- 
eral of similar composition. The ores consist of limonite, malachite or azurite, 
and silica. But in several of the analyses, after subtracting a sufficient amount 
of car})on dioxide from the ^'ignition" to form copper carbonates, there is not 
enough water left to account for all of the iron as limonite and much of it must 
be present as hematite or even as magnetite. There is probably also some imper- 
fectly decomposed garnet in most of the samples to which the alumina and some 
of the silica belong. The absence of lime and magnesia is very striking. Zinc 
and manganese are present in nearly all cases, though they are not concentrnted 
as in the iron rock covering the ore bod}^ (see p. 314). The total oxidation of the 
sulphides is noteworthy, as is also the absence of basic sulphates so prominent in 
some of the oxidized porphyry ores. No. VIII is an exceptionally siliceous ore, 
such as may occur in small bunches in the ore bodv. 

Analyses IX, X, and XI represent the porphyry ores containing chalcocite and 
pyrite, which as a rule are much richer in silica and alumina in form of sericite 
and kaolin; in X pyrite predominates over chalcocite. 

DARK HORSE ORE BODY. 

At the upper Dark Horse tunnel overlooking King Gulch, 1,100 feet south- 
east of Shannon Mountain, a small body of rich ore occurs. The elevation is 
5,100 feet. The ore was contained in a small bod}^ of lime shale, evidently 
wholly embedded in porphyry. No. 2 tunnel was driven in 144 feet below this 
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ore for a distance of 300 feet entirely in highly altered quartz-cemented granite. 
In its farther end is white, soft ore of fair grade containing disseminated pyrite 
stained black by chalcocite. 

Somewhat similar to this is the small body of ore on the Keystone, belonging 
to the Arizona (>opper Company, and located 2,000 feet north of Shannon Moun- 
tain. It contains carbonate ore in dark altered lime shale, whoU}^ surrounded by 
porphyry. 

METASOMATIC AJ7rERATH>N. 

In their present form the rocks and ore deposits of Metcalf district are the 
result of several kinds of metasomatic action often superimposed on the same 
material. It is the purpose here to anal^^ze and classify these processes, as far as 
possible, in order to give an insight into their relative characteristics and importance. 

CONTACT METAMORPHISM. 

No evidence has been foimd which would indicate that metalliferous deposits 
of any kind existed in this area previous to the irruption of the porphyry. Neither 
the granite nor the sedimentary series is })elieved to have contained an}' valuable 
minerals. Even disseminations of pyrite, so common in many rocks, are absent 
except in the inunediate vicinit}^ of the porphyry. That the porphyr}' magma 
carried aqueous solutions of salts of both the heavier and the lighter metals has 
been shown from the character of the inclusions contained in it (p. 215). This 
granted, it is easily imderstood that by the intrusion of the rock into higher 
levels of the earth's crust and the attendant reduction of pressure, these aqueous 
solutions should have been released and, pressing outward, exercised an influence 
upon the surrounding cooler rocks. The alteration produced by these substances, 
aided hy the high temperature obtaining, is called contact metamorphism, and is a 
phenomenon extensively studied and fairly well understood. In the nature of things 
calcareous and slialv rocks would be more influenced than silicate rocks like 
granite or quartz rock like quartzite. The temperature for some distance from 
the contact of the molten rock would be very high, and the watery solutions 
would exist as true gases as far as the temperature would exceed +370^ C. and 
the pressure 200 atmospheres. 

The conditions for the study of contact metamorphism are less favorable on 
Shannon Mounbiin than at Morenci, on account of the small mass of sediments 
involved. But the resulting products m the various members of the series are 
entirely similar. The contact metamorphism caused a replacement of the limestone 
by the Iime-iron garnet, diopside, tremolite, epidote, quartz, specularite, magnetite, 
pyrite, chalcopyrite, and zinc blende, more or less calcite usually remaining in the 
final product. This replacement was most remarkably complete in the upper and 
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very pure Modoc limestone, while the lower dolomitic and siliceous limestone was 
only partly altered. The clay shale was less extensively affected, but near the por- 
ph\'ry epidote, magnetite, pj'rite, and chalcopyrite were developed in it. The 
replacement usually took place throughout the mass and not along cmcks and fissures. 
In the Modoc limestone the contact-metamorphlc sulphides have been thoroughly 
oxidized, but we can infer from analogy and from occasionally preserved specimens 
that they consisted of chalcopyrite and zinc blende. But in the lower limestones 
the process of replacement is followed very easily and indicates the simultaneous 
formation of garnet, epidote, and chalcop^-rite. Cogent evidence that contact 
metamoi*phism took place while the magma was as yet fluid is perhaps more 
difficult to bring at this place than at Morenci. Most favorable to this view is the 
fact that in the shale and the lower limestone the development of contact minerals 
is greatest in a zone of varying widths on both sides of the dikes and rapidly 
diminishes away from it; and, second, the fact that the isolated areas of shale and 
limestone on the south side of Shannon Mountain have undergone a far more 
intense alteration than the larger mass of sediments traversed by onl}^ a few dikes. 
At the close of this first epoch, which I would consider to have been completed 
at the time of the solidification of the porphyry, the larger part of the outlying 
masses of sediments inclosed in porphyry and practically the whole thickness of 
the Modoc limestone must have been converted to garnet, magnetite, and sulphides. 
Similar conversion had taken place along the contacts of the shale and the lower 
(Longfellow) limestone with the porphyry dikes contained in them, probably also 
locall}' throughout these shales and limestones. Chalcopj'rite and zinc blende 
were disseminated throughout the Modoc limestone, but most concenti*ated in the 
space now occupied by the central and red ore bodies. Chalcopyrite was also 
contained in varying amounts along the contact of the dikes in shale and lower 
limestone; but it is certain that all these ore )x)dies contained a smaller percentage 
of copper than at present. 

ERUPTIVE AFTER-EFFECTS. 

The typical contact metamorphism was followed by a second stage of most 
interesting phenomena, which are called eruptive after-effects, a word recently 
introduced b}^ Professor Vogt. I hesitate to draw a strict line between these two 
processes, which rather seem to blend gradually. The porphyry had consolidated 
but was probably still very hot. Stresses similar to those which prepared the 
way for the intrusion of the porph\^iy stock shattered the porpln^ry, and also in 
part the adjoining granite and sediments, producing northeasterly trending zones 
of joints in the former two rocks and irregular fractures in the third. Solutions 
soon ascended on these openings, and caused replacement in the granite and por- 
ph^^ry by quartz, sericite, pyrite, chalcopyrite, and specularite. Over large areas 
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the massive bodies and the dikes of porous porphyry became filled with dissem- 
inated p3^rite and chalcopyrite, the latter only in small quantities. In the lime- 
stones the solution deposited in addition calcite, epidote, and magnetite in the 
fissures and caused along the walls of the cracks, by metasomatic replacement, 
a development of pyroxene, amphibolite, and magnetite. In the shale pyrite, 
chalcopyrite, and quartz were formed without extensive sericitization or pyroxenic 
alteration. That these solutions were hot is proved by the character of the liquid 
inclusions (see p. 216); that they were derived from the porphyry" is almost con- 
clusively proved by the similarity of the inclusions in the quartz phenocryst of 
the porphyry and in the quartz in the veins. 

At the close of this epoch the porphyry- had suffered extensive sericitization 
and cementation by quartz. It contained also in places much pyrite and a little 
chalcopyrite. This alteration was most intense along the King and fFameson fis- 
sures, along the line of the present Metcalf mines, and in some of the dikes, 
notabl}^ the eastern or Wiseman dike. Lean ore bodies of disseminated chalcopy- 
rite had formed in the shales of the Shannon tunnel and in places through the 
whole mass of sediments except the already metamorphosed Modoc limestone, 
which was probably too compact to be extensively shattered. 

OXIDATION AND FORMATION OF SECONDARY SULPHIDES. 

The processes described above took place far below the surface. The account 
of general geology shows that at least several hundred feet of Cretaceous strata 
covered the Mississippian in this region at the time of intrusion, and this thick- 
ness may have been much greater. Whether the porphyry ever reached the 
actual surface as it existed then is doubtful; it is more likeh^ that it spread out 
as sheets and laccoliths in the stratji instead of breaking through. After the 
completion of the deep-seated processes an active erosion removed the larger 
part of the covering strata, and thus exposed the ore deposits or brought them 
close to the surface. At this time oxidation of the pyritic minerals began, but 
was pro})ably not continued long, for the whole country during Tertiary time 
became flooded by lavas of various kinds. Again during the late Tertiary and 
early Quaternary erosion had full sway, and once more exposed the ores to 
oxidizing waters. From this time to the present day, it is believed, extended 
the most important period of surface alteration. 

During the early Quaternary the ground-water surface must have been sev- 
eral hundred feet higher than now. It is believed that the most important 
changes were effected during that epoch, although in a measure the decomposition 
has progressed to the present time. Most simple is perhaps the oxidation of 
the ore bodies in con tact- metamorphosed limestone. The oxidation of the mag- 
netite produced hematite and limonite, while the garnet yielded limonite and 



334 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

silica^ the lime being carried away in soluble fonn. The zinc blende was in 
part directly converted into hN^drous sulphate, easil}^ soluble and carried away 
by the percolating waters; in part into silicate and carbonate, which were more 
tenaciously held by the rock. The pyrite was oxidized into limonite and ferrous 
sulphate, the latter easily removable. Similarly the chalcopyrite yielded limonite, 
ferrous sulphate, and cupric sulphate; most of the latter was precipitated as 
malachite and azurite, and in part as brochantite, by reaction with solutions 
and rocks containing calcic carbonate. This process was accompanied by a 
reduction in volume and an enrichment of copper. 

Many of these ore bodies crop on the surface and the basic copper salts 
have stubbornly resisted further leaching. But wherever pyritic porphyr}^ adjoins 
these ores there has taken place a metasomatic replacement of pyrite by chalcocite 
by the action of sulphate solutions or the former mineral. When waters with free 
oxygen reac*hed this chalcocite it changed to cuprite, metallic copper, brochantite, 
malachite, azurite, and chrysocoUa, the cuprite usually being formed first. The 
larger bodies of ore in porphyry arc usually covered by a leached zone 30 to 
50 feet in depth. Below this brochantite, malachite, azurite, chrysoi^olla, and 
cuprite are found on seams in the rock; lower down there is an increasing 
amount of chalcocite, which at still greater depth is replaced b}^ disseminated 
pyrite and chalcopyrite. On Shannon Mountain the lower limit of this chalcocite 
zone would seem to lie about 250 to 800 feet below the present surface. It is 
apparently entirely independent of the present water level, but the suggestion is 
offered that it may mark the approximate ground-water surface during the early 
Pleistocene or latest Tertiary. In other districts the occurrence of the secondary 
chalcocite usually indicat<?s the water level, and it has l>een found that the re- 
placement of pyrite by chalcocite takes place only when oxygen is excluded or 
present in but small quantities. Under present conditions the oxidizing waters 
easily reach a considerable depth, and the chalcocite zone is being slowly converted 
into basic sulphate and carbonate. 

Many other less important reactions take place by means of oxidizing and 
acidic waters. Among these may be mentioned a concentration of manganese in 
the garnet-magnetite rock, and the leaching of aluminum from shale and also 
from porphyry in the form of hydrous sulphate by the action of sulphuric acid. 
Once formed the sulphate is easily removed, as it is very soluble. 

SUMMARY" OF METC ALF DEPOSITS. 

DEPOSITS IN PORPHYRY. 

Deposits in porph^'ry may occur as irregular masses, or as fissure veins, or 
as dike deposits — that is, of deposits consisting of the altered material of a por- 
phyry dike, following its strike and dip. Of the irregular deposits the Metcalf 
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was found, extending from near the surface to a depth of S()0 feet, at which 
point the ore is Ixicoming more pyritic. The upper parts of the croppings, with 
probably a large amount of green oxidized ores, have doubtless l>een carried 
away during the erosion of King Gulch. 

These relations to some extent confirm the belief that the chalcocite zone 
was formed during a previous epoch and under a different and higher level of 
ground water. Almost all of the porphyry dikes on Shannon Mountain contain 
disseminated copper ores and important ore bodies occur on the thi^ee largest 
ones. The surface is usually poor ore, but invariably contains some copper. 
The rock here is soft and crumbling, filled with seams of limonite, and chal- 
canthite effervesces on the walls of the tunnels. In other words, all or nearlv all 
of the copper is in a soluble state and is l)eing gradually carried away by 
atmospheric waters. This zone of leaching extends to a depth of about 100 feet 
from the surface, when disseminated chalcocite appears and the porphyry assumes 
the character of an ore. At a varying and not yet fully determined depth the 
chalcocite disappears and somewhat cupriferous pyrite takes its place; this change 
is effected gradually within a distance of 2(X) or 300 feet. When the pyritic 
zone is reached we are evidentlv below the zone of alteration bv surface waters. 
The rock is in the condition in which it was left at the close of the first mineral- 
ization. Whether payable ore will be found within this pyritic zone is doubtful. 
Judging from analogies none will be found. The chalcocite is without doubt 
deposited as a replacement leached from the decomposing cupriferous p3'rite of 
the primar}' pyrite al)ove b}^ the action of descending copper solutions. On the 
whole, this course of alteration is the same as at Morenci. 

The Black Hawk dike is leached on the surface, but contains smaller bodies 
of ore — cuprite and chalcocite — on the Boulder and Black Hawk No. 2 levels, 
while it is barren on the lowest level attained in the No. 3 tunnel. The central 
dike is genemlly poor in its eastern part, but at the Green shaft contains a rich 
body of brochantite almost at the surface. It is not jmyable on the Boulder and 
Black Hawk No. 3 levels: in fact, on the latter level it does not even contain 
pyrite. Th(5 largest ore body is found in the Wiseman dike. Here again the 
upper 100 feet are })arren, or at most contain stains of brochantite or other copper 
salts. High-grade chalcocite ore, at least 100 feet wide, containing but little 
P3'rite, is exposed on the Young level. On the Wiseman level, 250 feet below 
the Young, the dike, here 100 feet wide, contains chalcocite mixed with pyrite. 

DEPOSITS IN LIMESTONE AND SHALE. 

There remain to be considered the copper ores contained in the altered lime- 
stone. These occur in three ways: As vertical, tabular, or pipe-like bodies following 
the contacts of porphyry dikes; as horizontal tjibular bodies following the strati- 
fication planes; and, finally, as irregular masses in the shale or limestone. 
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To the first kind belong the Black Hawk ores and some others lining the 
eastern part of the central dike; also many other occurrences, as at the Shirley 
tunnel and in some places along the Wiseman dike. To the second belong the 
central and to some extent also the red ore body. To the last division belong the 
disseminated chalcopyritc and chalcocite in the shale of the Shannon tunnel and 
the disseminations of chalcop\n'ite on the Black Hawk No. 3 level. The latter 
rocks, which are ver}- fresh, represent the original condition of most of the 
ore bodies; the}' contain a not inconsiderable amount of chalcop^M'ite and in 
some places may fairly be considered as ore. But oxidation is necessary to con- 
centrate the copper to a higher percentage b}^ reduction of the bulk, and such 
oxidation has produced the rich masses of malachite and azurite in the central, 
red, and Black Hawk ore bodies. The zone of oxidation in the case of these 
ore bodies extends at most to a point 300 feet below the surface. Primary 
dissemination of chalcopja'ite in greater abundance along certain suitable strata or 
along eruptive contacts was doubtless the first requisite for the formation of the 
ore body. Oxidation easily doubled or quadrupled the original percentage of 
copper. Chalcocite occurs very sparingly in these ore bodies, the abundant carbon 
dioxide converting all of the soluble copper salts to stable carbonates. Large 
amounts of oxides of iron and manganese accompany' these ore bodies. Basic 
sulphate and chalcanthite are rarely formed. The altered limestones are not 
as pervious to waters as the porous porphyries; hence we find no such well- 
defined chalcocite zone as exists in the latter rocks. Neither is there such a 
prominent zone of leaching at the surface as in the porph^n'ies. In many cases 
in the contact ores on the central and Black Hawk ore bodies the richest kind of 
azurite ore cropped practically on the surface. 

In shale, on the other hand, there is more evidence of surface leaching, as, 
for instance, in the first 100 feet of Boulder and Black Hawk No. 3 tunnels. 
The shale also contains a little chalcocite and appears to preserve its primary 
chalcopyritc better than does the limestone. 

Nothing definite can be said about the age of these oxidized ore bodies in 
limestone. The fact that thoy have resisted leaching so vigorously emphasizes 
the slowness of processes of oxidation, and it would not be surprising if a large 
part of this oxidation had been effected in Tertiary time before the eruption of 
the basalts and rhyolites. The oxidation is of course still in progress at the 
present time. 
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CHAPTER X. 

CORONADCJ MOUNTAIN. 

GEXEliAT. STRUCTUliE. 

On the south and east sides of the great granite ''massif of Coronado 
Mountain, 3 to 4 miles north-northwest from Morenci, are located several mines 
and prospect^, most prominent among which is the Coronado mine. 

One of the dominant topographic features is the quartzite ridge which begins 
1 mile north of Morenci and continues with elevations of from 6,(X)0 to 6,3(X) 
feet up to the Coronado mine. This forms the divide between Eagle Creek and 
Chase Creek; the slopes toward the latter are more precipitous, broken by many 
salients, while gentler declivities lead down to the sloping lava plateau filling the 
basin of Eagle Creek. Northward the great mass of Coronado Mountain fomis 
the second topographic unit, rising with dark-red, bare or scantily forested slopes, 
its sides deeply scored by ravines, sometimes lined with nearly pei*pendicular 
bluffs. 

The geological features are simple in contrast to the confused complication 
of the structure near the Morenci mines. The Coronado mavssif consists of coarse 
granular pre-Cambrian granite; on the gentler slopes this is gcnenilly disintegrated 
to coarse sand or loosel}^ coherent rock, in which red orthoclase and quartz are 
the only recognizable minerals. Thoroughly fresh granite is not obtainable on the 
surface. On the flat top rest 200 feet of Coronado quartzite, the Imsal member of 
which is a coarse conglomerate of quartz and (luartzite. On the north, east, and 
south side this massif is limited by fault lines along "which profound disloi»a- 
tions have taken place. It ma}" be considered as a solid block, a remainder of a 
larger area, the peripheral parts of which have been broken off and sunk down. 
On the south it is limited by the great (>)ronado fissure, with a downthrow of 
1,200 feet on the southern side. In evidence of this the ridge south of the fault 
is covered by the same quartzite which caps the top of the mountain and in the 
absence of any indication of Assuring in the granite between these quartzite 
areas it is probable that the whole of the dislocation has occurred on the 
known fault plane. The thrown block dips to the west, gently near the top of 
the ridge and more decidedly farther west in Horseshoe Gulch. On the Chase 
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Creek side granite is genemlly found at a short distance below the crest, while 
on the west side the quartzite covers the whole slope for 1^ miles; finally near the 
point where the older formations disappear below the lavas of Eagle Creek the 
dip, increasing to 20^ and 30^, brings in the Silurian and Devonian limestones, 
which overlie the quartzite in the normal section. Thi.> great quartzite block is 
again cut by minor, chiefly northeasterly, faults (PI. I), and south of Hoi^seshoe 
Gulch has again sunk relative to a smaller triangular block of granite and 
quartzite, here bordering against the basalts of Eagle Creek. 

Southeast of Coronado Mountain the great fault runs out in granite and 
can not be readily traced. But the bluffs and the sheeting of the rock indicate 
that it bends northeasterl}^ and runs at a short distance west of the Metcalf stock 
of porphyry, which thus assumes the character of a deeply sunken block. East 
of the great mountain the presence of the limestone masses in Chase Creek near 
Garfield Gulch indicates the same or a closely related fault, the plane of which 
dips 45^ ¥j. and the throw of which is about 2,000 feet. 

OUE DEPOSITS. 

The majority of the deposits in this area are fissure veins containing oxidized 
copper ores in their upper levels. The exploration is rarely extensive enough to 
indicate their exact character in depth. Some of them, notably the Coronado vein, 
differ very nuich from the prevailing types of Morenci and Metcalf deposits, 
first, in their position on fault planes, which usually, in this region, are barren, 
and second, in their association with diabase instead of with the normal Morenci 
or Metcalf porph^ny. 

CORONADO VEIN. 

The great Coronado vem follows for 2 miles the fault dividing the granite of 
Coronado Mountain from the quartzite block on the south. Its outcrop crosses 
the ridge at the contact of the two formations at an elevation of 6,100 feet. 
Eastward from this point it is traceable for only one-half mile, but westward 
follows for li^ miles the trend of Horseshoe Gulch. 

This deposit was one of the first locations, as may well be inferred from 
its prominent position and copper-stuined outcrops. The exploitation began at an 
early date and a large part of the present development work was done at the 
time when Wendt first described the mine in 188(). The production has proceeded 
somewhat intermittently since 1881. A large amount of ore has been extracted 
above and below the tunnel level, from the workings near Horseshoe shaft, and 
from the open cut still farther down on the western slope. In 1902 oxidized ore 
was extracted from the last two places. 
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Developinent. — The vein is opened by a tunnel which pierces the ridge at an 
elevation of 5.750 feet, about 3<)o feet below the sunnnit. It follows the vein 
from east to west and is al>out 1,5<h» feet long. Old stopes extend to the surface. 
Below the highest point of the surface a winze with several levels is sunk from 
the tunnel level to a depth of 8<H» feet. Another winze, *1<^) feet deep, is located 
on the same tunnel near the western portal. At the east portal a shaft is now 
lieing sunk to facilitate the extraction of ore l)elow the tunnel level. Farther 
west, a}>out 3,500 feet from the summit of the ridge, the Hoi-seshoe shaft is located: 
it is 2W feet deep and developed by >everal levels. Al>out 1,5<M> feet farther 
west on the north side of the gulch is an open cut which was worked in 1902. 
A distance of 2,(XXJ feet west from this point a small shaft has been sunk on 
outcrops, evidently fwlonging to the same vein. 

A })ranch railroad leads up Coronado (nilch from Metcalf to an incline, which 
rises 1,2(K) feet in a horizontal distance of 2,5<X> feet, up to a tramway which 
leads to the mine, three-fourths mile farther west. An aerial tramwa}' crosses 
the ridge from the east portal and descends on the west side to a loading plat- 
form near Horseshoe shaft. The ore from the lowest open cut is packed on 
burros to this loading platform. Wendt states that up to 1883 $6(K),0<» had 
l>een spent in improvements, and it is doubtful whether more than $1,000,000 in 
copper values have l>een extracted from the mine up to 19()2. 

Connti'y nK*l\ — On the slopes leading up to the Coronado mine from the east 
are granite outcrops, cut by occasional dikes of porphyry. The same normal 
coarse-grained granite is found all along the north side of the vein, l)oth along 
the croppings and in several places in the main tunnel. The quartzite that forms 
the summit of the ridge south of the fault is a hard rock, consisting nearly 
exclusively of (]uartz grains, the rounded outlines of which ai*e usually clearly 
visible. On the east side at the level of the portal of the main tunnel a thin 
quartzitic conglomerate is exposed at the base of the quartzite, resting on gran- 
ite, (joing south from this point several minor east-west faults dislocate this 
contact. On the west sloi)c the beds of (juartzite continue down, dipping at first 
ver}' gentlv to the west. The dip increases gi*adually to 18 near Horseshoe shaft. 

In Horseshoe Gulch erosion has exi)osed a part of the underhing granite, 
which outcrops for a distance of 2,000 feet. A small thickness of conglomerate 
here also underlies the quartzite. A similar granite area partly bounded by dislo- 
cations is exposed in a lateral gulch south of the fissure. On the ridge between 
the two forks of Horseshoe Gulch the Sikirian limestones cover the quartzite con- 
formably, with dips of 20^ to 30^, and in West Fork, near the place where the 
vein disappears below tlie lava, there is also a small area of Devonian limestone. 
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The vein i-s followed intermittently by a diabase dike of a. width ranging 
from a few feet up to TO feet. The roek is geiierallj' altered by development 
of sericite, often so as to render it almost unrecognizable. The freshest speci- 
mens were obtained from the surface along the main vein, KXl feet vertically 
alxtve Horseshoe shaft, and from a small lateral vein on thn south aide of the 
gulch, 200 feet vertically above the same shaft. These specimens were dull green, 
of medium grain, and contained small grains of pyrite. Under the microscope the 
rock is of typical structure, showiiip much pyroxene pressed in between lath- 
like labradorite crystals, and containing much ilmenite or magnetite. Chlorite 



results from decomposition of the pyi-oxene, and the feldspai-s a 
with sericite. The occur- 

/J 
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well filled 



rence of irregular mas.ses 
of this diabase in the vein 
matter would seem to indi- 
cate that at least a part 
of the faulting took place 
later than the intrusion of 
the dike. 

Fiitsure. — The Coro- 
nado vein is a clearly 
defined fissure, striking 
nearly due east and west 
in its western pait, but 
soon turning east-north- 
east, which dire<'tion it 
maintains acro.ss the divid- 
ing ridge. The dip is 70^ 
to 80^ S., and it usually 
lies between well-defined 

walls. In only one place, Fi.^.ia,-lHaBr«maialluT.Tllcttlcro«,8LM-lionofCnrun«<)oJ<.di-. 

a short distance below Horseshoe shaft, was a dip of 85- N. observed. At 
the east portal of the tunnel a well-defined dike of highly altered diabase 12 
feet wide lies between quartzitic conglomerate and granite. From this point 
eastward the vein is not easily traced, though it is believed to continue one- 
fourth mile farther, and to cross the first ravine coming down from the north 
near its junction with the main gulch. At the sununit of the ridge and at 
several places on l>oth slopes the vein is marked by copper- stained croppings 
10 to 50 feet wide, which appear to consist of quartzite or quartzite breccia. 
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From this review it will be seen that the Coronado ores do not consist of a 
filling of open fissures, but that a sericitic alteration accompanied by quartz cemen- 
tation has taken place in the friction breccia and crushed material along this great 
fault; that the malachite and chryso<*olla, the latter specially abundant, occur in this 
material as seams, usually replacing the rock and associated with quartz and kaolin 
as the last product of oxidizing action; further, that this oxidized ore is underlain 
by chalcocite ore of secondary origin, which in the main workings occupies a 
vertical distance of 200 or 300 feet, the upper limit at the highest point of the ridge 
being about 300 feet below the surface. Below this chalcocite it is likely that 
pyrite and chalcopyrite of the primary ore deposition will be found to make up the 
ore:? of the fissures. Whether the latter will be pa^'able or not I have no data for 
ascertaining. It will almost surely be of low grade. 

The statements of Wendt do not apply without modification to present condi- 
tions: for while at that time 3 to 5 per cent material would have been rejected as 
was^te. it is now considered as payable ore. The Coronado mine contains good 
re^^erves of such ore, both above and below the tunnel level, and it is very possible 
that other bodies of chalcocite ore will be found." 

The main features of primary- deposition of pyrite and chalcopyrite, secondary 
sulphide deposition of chalcocite, and finally surface oxidation, producing malachite, 
chrvsocoibu and limonite, are the same here as at Metcalf and Morenci. 

Age. — The Coronado lode lies along a fault fiasure of great importance, with 
a probable vertical throw of 1,200 feet, and is followed by a diabase dike. The 
mineralization of this fissure took place subsequently to the intrusion of diabase, 
which probably followed the break producing the fault. The system of fault 
fi-<L<ures to which the Coronado lode belongs seems to be somewhat later than the 
principal deposits at Metcalf and Morenci. The conclusion may thus be estab- 
lished with some confidence that the intrusion of diabase was later than that of the 
porphyries and that the veins dependent on dialmse dikes were formed later than 
thof^ connected with the porphyries. The examination of the unaltered part of 
the Coronado lode did not lead to definite conclusions as to its mode of formation, 
but there seems to be reason to doubt that it is due to ascending waters. 

SMALLER VEINS. 

Several similar smaller veins lie to the south of the Coronado. One of these, 
owned by the Arizona Copper Company', is accompanied by a dike of fresh dialmse 
and Her' one-fourth mile southeast of Horseshoe shaft, parth^ in granite, partly 
in quartzite. and ^hows on the surface chrysocolla and azurite ore wnth indications 

II Sill .*«• ibi* WH* writUrn e-xtennh'e exploration on the third level has developed large bodies of concentrating ore, and 
It ycixux' HuijJk to Umt Vjr^f'^t \*:sk\ on the we^t ffide of the ridge !» alw stated to have reached ore. The surface drops off 
rapidly toward tht* we«t. 



SMALLER VEINS. 345 

of chalcocite below. Another also with chrysocoUa ore lies one-fourth mile 
southeast of the open cut on the Coronado, on a small fault fissure between granite 
on the south and quartzite on the north, and is known as the Keating vein. 

The Dewey and Copper Plate claims lie 1 mile south of the Coronado vein, 
near the foothills of the Eagle Creek plateau. The vein cuts, with a northeast 
strike and a dip of 80*^ SE., first granite, then quartzite conglomerate and 
quartzite; the ore consists of a dike of Metcalf porphyry, 3 feet wide, with 
disseminated malachite. It continues up in a northeasterly direction to the next 
fault fissure, which brings the quartzite to the level of the Silurian limestone; 
here the dike is apparently cut off. 

The Las Trajas property, also 1 mile south of the Coronado vein and on 
the main ridge, is developed by a shaft 100 feet deep and by several surface 
cuts. The vein cuts through quartzite and seems to be located on a subordinate 
fault fissure. East of the shaft it is accompanied by a porphyry dike up to 
200 feet wide, which, however, does not seem to follow the fissure. The ores 
consist of chrysocolla and malachite and have been stoped along surface cuts to 
a width of 3 feet. 

One-half mile northeast of Las Trajas, near the edge of the bluff breaking 
off toward Chase Creek, are several prospects, said to contain promising ore, 
which belong to the recently organized Coronado Mining Company. They are 
contained in the limestone which here covers the quartzite in a small fault block, 
as shown on PI. I, separated from the main quartzite by a northwest fault, along 
which it has dropped some 200 feet. 

On the trail leading from the bottom of the incline up to Coronado mine the 
Emerald claim is located, having an elevation of 5,200 feet. A porphyry dike 
80 feet wide here crosses the narrow canyon cut in the prevailing granitic rock. 
The ore appears to form along the contact of porphyry and granite. Following 
the same contact also appears a dark, dense pyritic rock of doubtful origin. 
The ore consists of chalcocite and carbonate. 

Exposures, probably belonging to the same vein, have been found close to 
the Coronado incline on the Pyramid claim, at an elevation of 5,200 feet. This 
deposit, which is developed by two small tunnels, contains a considerable amount 
of chalcocite ore, much of which has been shipped. The claim is the property of 
the Arizona Copper Company. A porphyry dike, which is probably identical with 
the one shown at the Emerald claim, was also noted at the Pyramid tunnels, 
near which place it appeared to join the main mass of Metcalf porphyry. The 
vein strikes N. 72^ E. and dips 65^ S. 

Ascending Santa Rosa Canyon, which is mainly cut in normal granite of 
Coronado Mountain, several veins of smaller importance are encountered. The 
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rM/rtife«i<t« and the dip ^f ' Up the «!^^jthea.^t. Three »mall tunnels have been 
driven on the Mi»i elaim aiKl ^^me 5^j ton?« of ore shipped. The vein forms a 
'|fiarfZ'filled streak in granite. a/xx^m|janied by irregular masses of a fine-grained 
r#>^'k, k^/king %'erj' much like shale — possibly an inclusion of older pre4ambrian 
it^lUtt^ntA int/i intnt-^ive granite. The ores along thk fis»ure chiefly i-onsist of 
rif$ilrj0'iUr^ and r^'/;ur U>tli in the granite along the vein and in the quartz accom- 
lAnying the de^KMit. Another set of fissures have a north -north west direction, 
an^i th''^; nlf^f r'/mtain mmw r:^>p|X'r ores. At the surface and also in the veins 
U a little niala^rhite and other oxidizinl on*s. but unaltered pyrite is evidently 
not far from the Murfa^^e. On the <*aHt side of Santa Rosa Gulch appears another 
narrow but well-di?fined vein with a northeasterly strike, which is exposed in 
Mfveral pla^'<*H, The country rrx'k is granite of a very hard character. The ores 
found along the narrow fissure rimsist of pyrite with a little chalcocite. One of 
the higher tunnels shows a considerable amount of glance ore scattered through 
the graniUf adjoining th«* vein. The croppings on top of the ridge show a fair 
amount of oxidized ore, mainly azurit<% some of which has been packed down to 
Melc4ilf and shi[)[N*d. Many smaller seams belonging to the north -northwest 
MVHt4*,m cToss this fissure. 
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with the results observed at Morenci and Metcalf. A little epidote and magnetite 
with copper stain occur frequently close to the contact, but this alteration rarely 
extends more than a couple of feet from the contact, and in places no metasomatic 
alteration is visible. 

Narrow dikes of diabase occur in the granite at the Brunswick mine and at 
the Trinidad prospects. The rock is of a dull dark-green color and is usually 
so altered that the individual rock-forming minerals are no longer recognizable 
by the naked eye. 

At 300 feet above Garfield Gulch heavy masses of Tertiary lavas begin, and 
form for a long distance the eastern wall of the canyon. These lavas extend 
due easterh" from this point across the head of Garfield and King gulches, and 
in fact cover the whole country for man}^ miles in a northeasterly direction. 
The lower part of the prominent blutfs consists of black or brown vesicular 
basalt from 200 to 400 feet thick; alx)ve this lies a light-gray or yellowish-gray 
rhyolite breccia up to 1,000 feet in thickness, forming very conspicuous and 
steep bluffs. The Tertiar^^ lavas rest as thick sheets on an irregularly^ eroded 
surface. No ore deposits have been found in them. 

STRUCTURE. 

• 

Great complication by normal faulting is characteristic of this vicinit3\ The 
faulting is chiefly confined to the pre-Tertiar\- rocks and has not appreciably 
affected the basalts and rhyolite tuffs. The main feature is the great fault on 
the east side of the Coronado massif, which has thrown the quartzite and the 
overlying limestones down to the level of Chase Creek. In the description 
of the Coronado district it has been emphasized that the mountain of this 
name forms a central mass surrounded by peripheral faults. The steep, in places 
almost perpendicular, granite bluffs, which continue for a couple of miles above 
Garfield Gulch on the west side of Chase Creek, are the visible expression 
of this dislocation, w'hich doubtless was still more prominent topographically 
before the Tertiary lavas flooded the country. The contact of the limestone of 
Stevens Hill with the granite is sharply defined, though rarely well exposed, and 
indicates beyond doubt a fault with a northerly trend, and an easterly dip of 
about 42"^. Sheeting is very pronounced in the granite blufls west of Chase 
Creek and north of Stevens Hill, the joints dipping east about 70^. The vertical 
distance, indicating the vertical displacement between the contact of quartzite and 
granite on Coronado Mountain and the same contact in Chase Creek, is 2,000 
feet. It is possible, of course, that there may have been intermediate step faults, 
not clearl}^ traceable now, in the intervening granite, but at any rate the contact 
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of granite and limestone on the we^t side of Stevens Hill indicates a very impor- 
tant di.'^Uication. On the south side of Stevens Hill two minor faults with the 
Manie direction compH>»4 a narrow block of quartzite between limestone and granite. 
TFie block of Steveits Hill dips 10- to 16' W. and continue:^ unbroken, as 
indicated by the quartzite-granite contact^ to the north fork of Cjarfield Gulch, 
but here the relations become veiy- complex. One-half mile southeast, on the 
ridge lietween King (lulch and Chase Creek, lies another block of quartzite at 
an elevation of 5,7<H) feet, or (W) feet higher than the first: it also dips gently 
westward. lietween the two blocks lies a triangular area dislocated by several 
northeast and east-northeast faults, as shown on PI. 1. 

MINERAL DEPOSITS. 
GENERAL STATEMENT. 

As stated af>ove, a great numlier of prosi>ects and a few producing mines 
are lr>cated in this vicinity. They are in part fissure veins and in part irregu- 
lar iKxlies on or near the (X)ntacts of intrusive masses. Few, if any of them, 
apiM^ar to have any connection with the numerous fault planes, which here have 
dissected the crust into blocks. The ores consist chiefly of oxidized copper min- 
erals, mostlv chrvsocolla, but also malachite and more rarelv chalcocite; few of 
the workings have penetrated to the primary constituents, which here, as else- 
where, prolmbly consist of pyrite and chalcopyrite. A little galena containing 
much silver has f)eon found on Stevens Hill. 

One class consists of irregular deposits in limestone at or very near to por- 
phyry i'ontacts; most of these carry chryscxjolla ore as irregular pockets sur- 
rounded by limonite. Such are many of the deposits on Stevens Hill, those 
along the porphyry sills at the head of Garfield Gulch, and those at the lolanthe 
mine, l^ miles east of the mouth of Garfield Gulch. Some of these, like the last- 
named deposit, are doubtless due to contact metamorphism, hut, in view of the 
weakness of contjict action of the Garfield porphyr3% it is perhaps more plausible 
that in most (^ises the mineralization occurred somewhat later, after the consoli- 
dation of the intrusive rock. But in explaining the origin of these deposits their 
most evident direct connection with the porphyry must be kept in mind. 

A second class, represented by the Mammoth, also contains chrysocolla ore 
and forms fissure veins between limestone and porphyry. 

A third class forms fissures in granite, like the Antietam on King Gulch, or 
in granite and following a diabase dike, as in the case of the Brunswick vein. 
There is no evidence as to the age of this last class of veins compared to the 
others, porphyry and diabase not occurring in close juxtaposition. 
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DETAILED DESCRIPTIONS. 

Stevens group, — This group of 15 claims is situated a short distance west 
of Chase Creek, al>out one -quarter mile northwest of the mouth of (xarfield 
Gulch. The}^ are located in the small area of limestone with dikes and sheets of 
porphyry described above as projecting at the foot of the great granite slope 
which forms the eastern declivity of Coronado Mountain. The limestone is evi- 
dently separated from the gi-anite by a fault of great magnitude, the fault plane 
being inclined about 45^ eastward. Oxidized ores have been found at a number 
of places within this limestone area, and a fair amount of development work has 
been done. In 1902 the claims were being more actively prospected by a new 
company. The geological structure, which is somewhat complicated, ma}- be briefly 
described as follows: 

Ascending the small gulch emptying into Chase Creek from the west, a few 
hundred feet above Garfield Gulch, granite continues up to a distance of 1,500 
feet from the mouth. Here a dike of porph^^ry 200 feet thick crosses the gulch. 
Beyond that follows a granite area 200 feet wide, then a strip of quartzite, evi- 
dently separated by a fault from the granite. This quartzite is also 200 feet 
wide. Beyond the quartzite lies a narrow porphyry dike, and then the main 
mass of the limestone area begins. The prevailing dip of the limestone, which 
includes the middle part of the series from the Silurian up to the base of the 
Mississippian, is 16^^ W. The first prospects are noted on the south side of the 
gulch, at an elevation of 5,000 feet, and occur in limestone containing a few dikes 
of diorite-porphyry. The croppings are extensive, are stained by copper, and 
consist of limonite and ferruginous silica. They form irregular masses in lime- 
stone, the ore containing much chrysocolla. Several tunnels have been driven, 
developing smaller masses of ore which seem to have a general tendency to 
follow the planes of stratification dipping westward. On the opposite northern 
side of the little gulch the narrow dike of porph^^ry widens, and there is here 
some direct evidence of contact-metamorphic action. Along its contacts much 
magnetite appears, frequently stained by copper. Going up the same gulch 
toward the big fault separating the limestone from the granite of Coronado 
Mountain, a sheet of porphyry 40 feet thick and several hundred feet long is 
first encountered. This, however, does not seem to be accompanied by ore. 
Near the western contact of the limestone, but some little distance from the 
granite, smaller chimneys of rich chrysocolla ore have been extracted. The ore 
occurred in limestone and was surrounded by soft limonite. Fmgments of 
dioptase were found at this locality, the only place in the Clifton district where 
this mineral has been encountered. Another interesting feature of this prospect 
is that some galena occurred in it, with a considerable amount of silver. 
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The width of the broken zone varies very considerably. On the tunnel level 
is a crosscut extending 400 feet south and revealing 80 feet of vein matter between 
fresh granite on the north and fresh quartzite on the south. Most of this vein 
matter consists of the two rocks mentioned, more or less crushed, but there may 
also be some diabase. The foot wall is sharply defined. On the 100-foot level 
in the winze granite and a large amount of diabase are exposed. On the second 
level 70 feet of diabase are exposed; crosscuts in the foot wall soon run into 
granite. At the west portal the vein is 8 feet wide between well-defined walls of 
granite and quartzite. Here, again, part of the vein matter is probably altered 
diabase. For 1,500 feet west of this place, down into Horseshoe Gulch, the vein 
lies between quartzite and granite, and is indicated by heavy masses of quartzite 
breccia; it then runs into granite and widens- greatly. At Horseshoe shaft the 
lode is fully 200 feet wide, and consists of altered granite and contact breccia, 
often stained blue b}^ chrysocoUa. No distinct diabase is here visible, though it 
may be present in excessively altered form. One-fourth mile east of the shaft 
fairly fresh diabase, 70 feet wide, was noted, but it is soon cut oflf and seems itither 
to form irregular masses along the vein. From the shaft to the open cut, which is 
located near the bottom of the gulch, the vein again runs on the contact, forming 
a wide, shattered zone. For 700 feet west from the open cut the width of the 
lode is 50 feet and it is again accompanied b}^ a dike of altered diabase. From 
the open cut westward the vein crosses the 300- to 400-foot ridge separating the 
two forks, and probably strictly follows the sharp fault plane between the Silurian 
limestone and granite. At the top of the ridge are croppings of hematitic material 
15 feet wide. No development work has been done along this part of it, but 
near the bottom of the west fork, at the contact of granite and Devonian lime- 
stone, it is again exposed by a small shaft and the croppings are marked by 
black-stained quartz. 

Ores, —The first information concerning the Coronado mine was given b}' 
Wendt;^ and while his geology requires correction, it is of interest to read his 
conclusions concerning the ores. He states that the Coronado mine presents an 
extreme case of rapid depreciation in depth. At the surface average samples 
gave from 6 to 45 per cent copper, and bodies of pure copper glance cropped at 
several places. In 1884 he drove a tunnel on the Boulder claim which for the 
whole of its height and a distance of over 150 feet was run on a vein of solid 
glance, 6 inches wide and averaging 46 per cent of copper. Wherever the 
glance has been followed down, he says, it disappear 150 to 200 feet from the 
surface, and the vein either becomes barren or is replaced by yellow sulphides 
scattered through the gangue; these yellow sulphides, by which is evidently 

aTiana. Am. Inst. Mln. Eng., vol. 15, 1887, pp. :28-^ 
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meant a mixture of pyrite and ehalcoeite, gave by concentration tests an 8 per 
cent ore, which in 1886 was valueless. Two average analyses show the grade 
of the ore then mined and its very siliceous character: 

Analyses of Coronado ores. 
[From Wendt.] 





I. 


II. 


Copper 


11.17 


21.95 


Silica 


67.00 


48.90 


Iron 


6.91 


9.41 



As indicated above, the ores of the vein consist partly of oxidized minerals, 
such as chrysocolla, malachite, and, more rarely, azurite, partly of ehalcoeite or 
''glance," and partly of pyrite and chaleopyrite. From the main tunnel the 
oxidized ores extended to the surface and have been stoped 5 to 15 feet wide; 
this shoot occurred below the summit of the rid^e. Below the tunnel level it 
was followed by a winze 300 feet deep. Although, as indicated by Wendt, some 
of the ehalcoeite occurred near the surface, it was only below the tunnel level 
that this mineral appeared in force. On the first level of the winze ehalcoeite ore 
occurs, and stopes extend from this down to the 300-foot level. The best ore 
body was found around the winze, and its richest part probably occurred between 
the first and second levels, where it is 60 feet wide. On the second level the ore 
contains much pyrite. The third level was stated to show a smaller amount of 
ore. Another smaller ore body appears near the western portal. Chaleocite 
ore of good quality, 30 to 40 feet wide, was found below the tunnel level in a 
200-foot winze. 

At the third ore shoot, near Horseshoe shaft, the surface indications were 
very good, the ore consisting of breceiated rock, possibly a much altered diabase, 
with seams of chrysocolla and umlaehite, with a little ehalcoeite, but the develop- 
ments in depth are said to have been disappointing. However, good chrysocolla 
ore was met in a tunnel connecting with the shaft at the level of the loading 
platform, and this body, 20 feet wide, was actively mined in 1902. Finally, at the 
open cut, one-fourth mile farther west, a quarry was opened in 1902 on ore of 
ver}" good grade. The rock along the fault is bleached, and its original chameter, 
whether quartzitic friction breccia or diabase, is not recognizable in the resulting 
mass of quartz and kaolin. It contains chrysocolla and malachite on seams 
replacing the substance of the rock. The most westerly croppings of the vein 
disclose no copper ore, but on the dump of the little shaft lie fragments of a 
peculiar lead-manganese ore, and the iron-stained quartz is said to contain some 
gold values. 
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first one appears in the upper part of the box canyon occupying the lower part 
of Santa Rosa Gulch, and is called "Dad Wright." It is a strong fissure vein, 
striking east and west and dipping 80^ N., and occurs at an elevation of 5,150 
feet. Its position indicates that it may be an extension of the important system 
of the Coronado fissures. The developments are of slight importance, and the 
ore thus far encountered is of poor quality. Above this box canyon the gulch 
becomes more open, the grade, however, still remaining very steep. No porph} ry 
dikes were noted, except a small one in a side canyon a quarter of a mile below 
the claims of the Santa Rosa Company. This recently organized company con- 
trols 15 claims in this vicinity, all of them contained in granite. The principal 
claims are the Grant and the Flor del Miza The strike of the veins is chiefly 
northeast, and the dip 60° to the southeast. Three small tunnels have been 
driven on the Miza claim and some 50 tons of ore shipped. The vein fonus a 
quartz-tilled streak in granite, accompanied by irregular masses of a fine-grained 
rock, looking very much like shale — possibly an inclusion of older pre-('ambrian 
sediments into intrusive granite. The ores along this fissure chiefly consist of 
chalcocite, and occur both in the granite along the vein and in the quartz accom- 
panying the deposit. Another set of fissures have a north-northwest direction, 
and these also contain some copper ores. At the surface and also in the veins 
is a little malachite and other oxidized ores, but unaltered pyrite is evidently 
not far from the surface. On the east side of Santa Rosa Gulch appears another 
narrow but well-defined vein with a northeasterly strike, which is exposed in 
several places. The country rock is granite of a very hard character. The ores 
found along the narrow fissure consist of pyrite with a little chalcocite. One of 
the higher tunnels shows a considerable amount of glance ore scattered through 
the granite adjoining the vein. The croppings on top of the ridge show a fair 
amount of oxidized ore, mainly azurite, some of which has been packed down to 
Metcalf and shipped. Many smaller seams belonging to the north-northwest 
svstem cross this fissure. 



CHAPTER XI. 

GARFIELD AND KING GULCHES. 

GAUFIEIiD GULCH. 
ROCKS. 

Garfield Gulch is a short tributary joining Chase Creek 1^ miles above 
Metcalf. A great nuraber of prospects and small mines are located here; their 
description is best prefaced by a brief summar}' of the rather complicated geo- 
logical features shown in a somewhat genemlized way in PI. I. 

The rocks are very similar to those of the districts already described. The 
basal granite shows on Chase Creek up to a point one-half mile above Garfield 
Gulch, and in the imposing clitfs leading up toward the summit of Coronado 
Mountain. It is also exposed in the lower parts of Garfield and Trinidad 
gulches, and in King Gulch up to a point due east of the mouth of Garfield 
Gulch. In appearance it is the same coai^se, reddish orthoclase-cjuartz rock fre- 
quently described from other districts, comparatively hard in the bottom of the 
gulches, but soft and disintegrating on the upper slopes. The extensive breccia- 
tion and cementation by quartz so common near Metcalf is rarely observed. 

The Coronado quartzite covers a small area on both sides of Chase Creek 
above Garfield Gulch; also the ridge between the latter and Trinidad Gulch, and 
the whole summit between Chase Creek and King Gulch from near Shannon 
mine to near the gap at the head of Garfield Gulch. It is a reddish, hard 
quartzitic sandstone, usualh^ resting directly on granite; at only one place in Chase 
Creek, 2,500 feet above the moutli of Garfield Gulch, is (fuartzitic conglomerate 
exposed 20 feet thick. The rock is roughlv })edded in heav}' benches, the maxinuun 
thickness being a})Out 200 feet. The quartzite is covered by the usual Ordovician 
limestones (Longfellow formation), which mav be seen at several places, at the 
Mammoth mine, and on both sides of Cliase Creek above Garfield Gulch. On 
the top of these limestones rest 100 feet of Morenci shales (Devonian), exposed 
on Stevens Hill west of Chase Creek and as a narrow faulted block on the ridge 
between Garfield and Trinidad gulches. About 100 feet of light-gmy Mississip- 
pian limestone (Modoc formation) overlie the shales at the two j)Iaces just men- 
tioned, and it is also exposed from the Maumioth mine along the road up to the 
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head of the main gulch; it usually contains fossils, crinoid stems being partic- 
ularh' abundant. The series is Ijest exposed at Stevens Hill on the west side 
of Chase Creek, one-half mile above Garfield Gulch; the section obtained there 
is as follows: 

Oeohtgical sedion at »S/<'r^»«x /////. 



Member. 



Formation. 



Gray limestone MckIoc 

Dark-gray clay Hhale ' Morenci . . . 

Porphyry pill do 

Dark -gray dense limestone do 

Heavy brown limestone Longfellow- 
Gray sandy limestone do 

Lime sliale do 

Quartzite CV>ronado. . 



Thick- 
ness. 



Feft. 

loO 

90 

40 

60 



140 



100 



While the thickness of the Modoc and Morenci formations corresponds closeh' 
with the sections from Morenci, there is a great difference in the case of the 
Longfellow formation, which is onh' 140 feet thick here, against nearly 400 feet 
at Morenci. This vicinity is very much disturbed, and the discrepancy might !>e 
attributed to imperfectly recognized faults, were it not for the fact that the same 
formation at Metcalf shows a similar deficiencv. 

The intrusive rocks are represented by sevei-al dikes, sills, and intruded masses 
of porph3'ry breaking through the granite, especially in the sedimentarv series. 
The quartz porphyry of Metcalf extends one arm in this direction, forming an 
irregular mass with many apophyses on the west side of Chase Creek and crossing 
it as a more sharpl}- defined dike in quartzite 2,000 feet above Garfield Gulch; 
but the numerous dikes and sills of Stevens Hill and the upper jmrt of Garfield 
Gulch consist of diorite-porphyry. This is a normally light-gray rock with closely 
crowded phenocrysts of andesine and probably some orthoclase, but no quartz. 
Foils of biotite or prisms of dark-green hornblende are usually present. The 
groundmass is microcrystalline and consists of quartz and granular, not striated 
feldspar. It is very similar to some of the Morenci porphyries, but on the whole 
contains less quartz. Fipidote, chlorite, and seiicite are the secondary minerals. 
A dike of this rock cuts across the limestone at the Mammoth mine and other 
places. Horizontal sheets or sills, rarely over 50 feet thick, occur on Stevens 
Hill in the Morenci shales and near the head of Garfield Gulch in the Missis- 
sippian limestone. This porphN'ry has exerted only a slight contact metamorphism 
on the adjoining limestones; and the action does not compare at all in intensity 
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with the results observed at Morenci and Metcalf. A little epidote and magnetite 
with copper stain occur frequently close to the contact, but this alteration rarely 
extends more than a couple of feet from the contact, and in places no metasomatic 
alteration is visible. 

Narrow dikes of diabase occur in the granite at the Brunswick mine and at 
the Trinidad prospects. The rock is of a dull dark-green color and is usually 
so altered that the individual rock-forming minerals are no longer recognizable 
by the naked eye. 

At 300 feet above Garfield Gulch heavy masses of Tertiary lavas begin, and 
form for a long distance the eastern wall of the canyon. These lavas extend 
due easterly from this point across the head of Gartield and King gulches, and 
in fact cover the whole country for man}^ miles in a northeasterly direction. 
The lower part of the prominent bluffs consists of black or brown vesicular 
basalt from 200 to 400 feet thick; above this lies a light-gray or \'ellowish-gray 
rhyolite breccia up to 1,000 feet in thickness, forming very conspicuous and 
steep bluffs. The Tertiar}^ lavas rest as thick sheets on an irregularly eroded 
surface. No ore deposits have been found in them. 

STRUCTURE. 

• 

Great complication by normal faulting is characteristic of this vicinity. The 
faulting is chiefly confined to the pre-Tertiary rocks and has not appreciably 
affected the basalts and rhyolite tuffs. The main feature is the great fault on 
the east side of the Coronado massif, which has thrown the quartzite and the 
overlying limestones down to the level of Chase Creek. In the description 
of the Coronado district it has been empha.^ized that the mountain of this 
name forms a central mass surrounded by peripheral faults. The steep, in places 
almost perpendicular, granite bluffs, which continue for a couple of miles above 
Garfield Gulch on the west side of Chase Creek, are the visible expression 
of this dislocation, which doubtless was still more prominent topographically 
before the Tertiary lavas flooded the countrv. The contact of the limestone of 
Stevens Hill with the granite is sharply defined, though rarelv well exposed, and 
indicates beyond doubt a fault with a northerly trend, and an easterly dip of 
about 42^. Sheeting is very pronounced in the granite bluffs west of Chase 
Creek and north of Stevens Hill, the joints dipping east about 7U . The vertical 
distance, indicating the vertical displacement between the contact of quartzite and 
granite on Coronado Mountain and the same contact in Chase Creek, is 2,000 
feet. It is possible, of course, that there may have been intermediate step faults, 
not clearl}^ traceable now, in the intervening granite, but at an\' rate the contact 
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of granite and limestone on the west side of Stevens Hill indicates a very impor- 
tant dislocation. On the south side of Stevens Hill two minor faults with the 
same direction compass a narrow block of quartzite between limestone and granite. 
The block of Stevens Hill dips 10^ to 16"^ W. and continues unbroken, as 
indicated by the quartzite-granite contact, to the north fork of Garfield Gulch, 
but here the relations become very complex. One-half mile southeast, on the 
ridge between King Gulch and Chase Creek, lies another block of quartzite at 
an elevation of 5,700 feet, or 600 feet higher than the first; it also dips gently 
westward. Between the two blocks lies a triangular area dislocated by several 
northeast and east-northeast faults, as shown on PI. I. 

MINERAL DEPOSITS. 
GENERAL STATEMENT. 

As stated above, a great number of prospects and a few producing mines 
are located in this vicinity. They are in part fissure veins and in part irregu- 
lar bodies on or near the contacts of intrusive masses. Few, if any of them, 
appear to have any connection with the numerous fault planes, which here have 
dissected the crust into blocks. The ores consist chiefl}^ of oxidized copper min- 
erals, mostly chrysocolla, })ut also malachite and more rarely chalcocite; few of 
the workings have penetrated to the primar}^ constituents, which here, as else- 
where, probably consist of pyrite and chalcopyrite. A little galena containing 
much silver has been found on Stevens Hill. 

One class consists of irregular deposits in limestone at or very near to por- 
phyry contacts; most of these carry chrysocolla ore as irregular pockets sur- 
rounded b}' limonite. Such are many of the deposits on Stevens Hill, those 
along the porphyry sills at the head of Garfield Gulch, and those at the lolanthe 
mine, 1^ miles east of the mouth of Garfield Gulch. Some of these, like the last- 
named deposit, are doubtless due to contact metamorphism, but, in view of the 
weakness of contact action of the Garfield porphyry, it is perhaps more plausible 
that in most cases the mineralization occurred somewhat later, after the consoli- 
dation of the intrusive rock. But in explaining the origin of these deposits their 
most evident direct connection with the porphyry must be kept in mind. 

A second class, represented b}^ the Mammoth, also contains chrysocolla ore 
and forms fissure veins between limestone and porph3'ry. 

A third class forms fissures in granite, like the Antietam on King Gulch, or 
in granite and following a diabase dike, as in the case of the Brunswick vein. 
There is no evidence as to the age of this last class of veins compared to the 
others, porphyry and diabase not occurring in close juxtaposition. 
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Prospects continue from this place, which is situated near the bottom of 
the gulch, up to the small gap al)out 300 feet higher, sepamting the limestone 
from the granite At 100 feet below this gap on the north side a main tunnel 
has been driven in the upper part of the Devonian shale. This tunnel struck 
an ore body of chrysocolla avemging 20 per cent copper and containing about 
800 tons. The ore shoot, which was 12 feet wide, occurred between limestone 
on the south side and soft limonite on the noith. The horizon was evidently 
the lowest part of the Mississippian. 

(xoing down from the gap to Chase Creek, a porphyry sill 40 feet thick was 
found again in the lower part of the Devonian series in limestone. A little 
epidote occurs all along on the contact, but the metamorphism is not intense. 

A small mass of limestone of uncertain horizon is also found on the west 
side of Chase Creek, nearly op|X)site the large area described above. This mass, 
which is evidently faulted down to its present position, and which is covered by 
basalt at 100 feet above the creek, also contains irregular masses of chr3'socolla 
associated with limonite. Two small tunnels have been driven, the upper one 
containing most of the ore. A little ore is said to have been shipped from 
this prospect. 

Two tunnels have been driven by the Stevens company on the west side 
of Chase Creek in the (juartzite and gmnite underlying the limestone. The 
upper one is 80 feet above the creek level, at a distance of 1,500 feet above the 
mouth of Garfield Gulch. It starts in sandv limestone immediatelv above the 
quartzite, dipping 10^ W. Stringers of partly oxidizexl pyrite follow the strati- 
fication. In places this pyrite is associated with a little copper glance. A still 
lower tunnel near the creek level crosscuts 200 feet of poq^hyry dike, and 
extends into the basal granite underlying the quartzite. The total length of 
the tunnel is 500 feet. The granite contains a little scattered pyrite. This 
tunnel has been driven with the expectation that it would eventually intersect 
larger ore bodies occurring in the western part of the limestone. 

GnrfieliL — This property, belonging to the Shannon Copper Company, is 
located about 200 yards north-northwest of Mr. Stevens's house, at the mouth of 
Garfield Gulch. A considerable amount of ore has been extracted from this 
claim, but at the present time it is idle. The vein strikes east and west and 
occurs along the contact of a narrow diabase dike cutting the prevailing country 
rock of normal granite. 

^l/^.vX*ff. — This is located on an irregular deposit in limestone on the ridge 
between the north fork of Garfield Gulch and Chase Creek, just above the quart- 
zite and just below the basalt. The elevation is 5,800 feet. It contains oxidized 
copper ores associated with specularite and magnetite. Some rich ore is said to 
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30 per cent copper. The auiouiit shipped per month sometimes reaches 400 tons. 
The developments consist of a tunnel 800 feet lon[^, together with extensive 
stopes above it. A winze 100 feet deep has been sunk from the lower tunnel 
level. The Mammoth appears to be a fissure vein, striking northeast and 
dipping 50^ NW.; it follows in the main a contact between limestone and a 
porphyry dike 200 feet thick. The geologic structure in the vicinity is very 
much complicated by extensive faulting. The limestone apparently' belongs to 
the Ordovician, and dips 10° NNW. The porphyry dike continues in a northeast 
direction for one-fourth mile, after which it, as well as the inclosing limestone, 
is entirely covered by basalt and rhyolite. 

The ores consist almost entirely of chr3"socolla; other oxidized ores, as well as 
sulphide ores, appear to be lacking. The largest bodies occurred above the tunnel 
level, chiefly in the limestone and not in the porphyry. They are accompanied 
in places by large masses of nearly pure kaolin. At the northeast end of the 
tunnel the main fissure appears to break into the porphyry and is complicated 
by faulting. 

Near the head of the gulch are at least two intrusive sheets of porphyry in 
limestone, and prospects with indications of ore may be seen at many places 
along the contacts of these. The deposits as far as developed are not extensive 
and consist of oxidized ores accompanied by much limonite. 

KING GUIiCH. 

A number of smaller deposits have been located in this vicinity and a few 
of them may be briefly described. 

On the divide separating King Gulch from Placer Gulch, and about 1 mile 
east of Mammoth mine, the Arizona Copper Company owns a group of claims 
known as the lolanthe, Dead Pine, and El Moro. The elevation is from 5,800 
feet to 5,900 feet. The localit}^ is cennected by trail to Mammoth and b}' wagon 
road thence to Metcalf. It is stated that considerable first-class ore has been 
extracted from these prospects; in 1902, however, no work was being prosecuted. 
The deposits form irregular masses on the contact of Carboniferous limestone 
with a large area of normal porphyry. They are developed by two or three 
tunnels situated on three levels on the north side of the ridge. The surface 
is marked by heavy limonite croppings containing some epidote and serpentine. 
The ores consist chiefly of chrysocolla, azurite, and malachite. While the expo- 
sures are unsatisfactory, and the character of the deposit masked by extensive 
oxidation, it is probable that we have here a contact deposit originally character- 
ized by the normal garnet and epidote gangue. 

The Antietam claim is located in King Gulch at an elevation of 5,300 feet. 



CHAPTER XII. 

COPPER KIXG lillX^E. 

TOPOGKAPIIY. 

Under this heading it is proposed to describe the granitic ^'massif rising 
on the west side of San Francisco River and comparable in structural position to 
the granitic block of the Coronado Mountain. The Copper King Ridge begins 4 
miles north-northwest of Clifton, near Markeen Mountain, where, with an elevation 
of (),3(X) feet, it overlooks Chase Creek and the sunken limestone blocks of 
Morenci, and continues for 4 miles northeast as a series of imposing buttresses 
towering high above San Francisco River. 

The deep scar of Rocky Oulch separates Markeen from Copper King Mountain; 
exceedingly rough and ])recipitous amphitheaters lead down from the summits of 
the latter to the gentler slopes of Colorado and Dorsey gulches, which also empty 
into San Fi*ancisco River. The last buttress, limited by Svcumore Gulch on the 
south and Silver Creek on the north, has an elevation of 6,(KK) feet, and rises 
boldly with dark-red cliffs 2,(XH) feet above the basalts here tilling the bottom of 
San Fitmcisco Canyon. This point is 4i miles northeast of Markeen Mountain. 

Northwest of Copper King Ridge lies a slight depression indicated b\' the 
upper courses of Placer and Sycamore gulches, and occupied by sunken limestone 
blocks. Only a short distance northwest of this Hmestone rise the jagged volcanic 
ridges of Malajmis Mountain, elevation 6,900 feet, forming the southern outlier 
of the enormous mass of lavas covering the northern part of (Clifton quadrangle. 
A wagon road extends along San Francisco River, and a well-constructed grade 
leads up from this to Dunham Camp on Hickory Gulch. With these exceptions 
trails form the only lines of communication. 

ROCKS. 

Granite is the prevailing rock, and is of the same coai-se granular type 
described elsewhere, consisting chiefly of quartz, orthoclase, and perthite, with a 
small amount of usually decomposed biotite. Its dark-red angular outcrops are 
cut by irregular joint planes, which aid erosion in producing the conspicuous 
cliffs so characteristic of the slopes toward San Francisco River. 
356 
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^ulrhes, jjfenerally with a northeasterly trend. Similar dikes occur in the por- 
phyry and limestone north of Copper King Mountain and also penetrate the basalt 
of Malajmis. 

On the west side of San Fnincisco River, covering the lower slopes at the 
foot of the granite bluffs, lie masses of granitic and volcanic debris, in places 
1,(M»0 feet thick. These corres|X)nd to the conglomerates of the Gila formation 
and are coiLsequentl}' to be referred to the early Pleistocene, when the Gila Valley 
was filled bv detritus to a general marginal l(*vel of 4,500 feet. 

STHUCTl HE. 

The dominant structure lines of Copper King Ridge trend northeasterly. 
The oldest determining factors are the porphyry dikes, which with few exceptions 
take this course. Again, the earliest dislocations after the porph}^}' intrusions 
followed these lines, and verv often coincide with the walls of the dikes. The 
principal period of faulting resulted in important northeasterly displacements, 
sinking blocks on l)oth sides of Copper King Ridge and leaving the latter similar 
to Coronado Mountain as a central block or buttress. On the northwest side a 
practically continuous line of straight or curved faults determined a downthrow 
which, north of Copper King Mountain, probably amounted to 1,000 feet, but 
which at the northeasterly end ,of the granite ridge had diminished to a few 
hundred feet. 

On the southeast side of this buttress, following the base of the granite bluff, 
occurs the most prominent fault of the Clifton quadrangle. Its actual plane, 
whether single or a series of closely massed step faults, is concealed at first by 
the Gila conglomerate, and farther north by the rhyolite flows near the bottom 
of the canyon. No cpiartzite remains on Copper King Mountain, but assuming 
that its now eroded })eds had rested at an el(»vation of 7,000 feet, or at the same 
level as on (Joronado Mountain, and recognizing that the Longfellow limestone is 
exposed in the bottom of the canyon, 8,800 feet lower, we must conclude that 
there is here a displacement of about 8,700 feet at least, and that the steep 
declivities of the granite ridge toward the river indicate the influence of a fault 
plaiu* on the topographic features. Toward the northern end of the granite 
ridge the foot of thc^ escarpment is deeply covered by rhyolite, but on the upper 
slopes we find, as iecord(»d on the map, evidence of step faults with repeated 
downthrows on the side toward the river. The maxinmm amount of faulting 
probably took place southeast of Copper King Mountain. These structural rela- 
tions will be more fullv described in the text of the Clifton folio. 

The Tertiary eruptions were ushered in by stresses, acting in different direc- 
tions. None of the rhvolite dikes trend northeast, but all of them have a more 
or less pronounced north w(»sterly direction. 
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DETAILED DESCRIPTIONS. 

Markeen Copper Compuny, — The Markeen oaiiip is situated in Kocky Gulch 
at an elevation of 5,350 feet. The trail from Morenci t<> C upper King Mountain 
passes by it. At this place on the west side of Kocky Gulch is a mass of por- 
phyry 2^)0 or 300 feet wide, which is continuous for a short distance westward. 
It also crosses the canyon and continues, narrowing, northeasterly, parallel to the 
Copper King vein. A shaft has been sunk in the porphyry mass, not far from 
the bottom of the gulch, to a depth of 200 feet, disclosing porphyry impregnated 
with pyrite and some chalcocite. Cross<'uts 50 and 30 feet long are said to extend 
east and west from the Iwttoni of this shaft. No ore is known to have !)een shipped. 

lihwh h>ih\—k (fuarter of a mile al)ove the Markeen camp two important veins 
cross the gulch. Tiie tirst is tJie Copper King vein; the second the so-called Black 
lode, which is traceable in a straight line with an alnK)st due east and west direc- 
tion, and is opened by prospects right along. It seems to have a steep southerly 
dip. A little ix)ii)hyry accompanies this vein, but does not seem to follow it 
continuously. Three different kinds of this rock were noted at the gap north 
of Markeen Mounbiin, where this vein crosses— (//) a dark tine-grained ix)rphyry 
with small feldsptir crystals; {}>) a normal diorite-porphyry similar to the rock 
from Morenci; and {<)) typical Metcalf porphyry with large (quartz crystals. At 
the little gap one-half mile south-southwest of Copper King mine the lode is 
accompanied by a dike of normal diabase, like that from the Coronado and 
Brunswick, up to 40 feet in width. Along the lode magnetite, pyrite, chalco- 
pyrite, and epidote have been formed by replacement in porphyry and diabase 
as well as in gi-anite. Although good prospects have been found at many places, 
no ore bodies have thus far lieen developed. A little native copper is occiisionally 
found along this vein, evidently a product of secondary decomposition. A shaft 
sunk 1,500 feet alcove the Markeen camp, near the intersection of this vein with 
the Copper King vein, encountered the vein at a depth of 110 feet. The Clifton 
Consolidated Company owns the E^clipse claim on this vein. 

Copper Klntj rein, — This important vein crosses Rocky Gulch 1,500 feet above 
Markeen camp where it intersects the black lode, and continues for at least 2 miles 
in a northeasterly direction, possibly extending as far as Dorsey Gulch. It has 
not been traced far southwest of Rocky Gul(»h. The Clifton Consolidated Com- 
pany owns the claims of Olivette, Missing Link, and Alice Winifred on this vein. 
Between these holdings, on the same vein, lie the two claims of the New England 
Copper Com|)any. At intervals this prominent tissure is accompanied by a dike 
of granite-porphyry, but this rock is not continuous along the surface. On the 
Olivette claim in Rocky Gulch the vein is opened by a tunnel 700 feet long. 
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On the whole the deposit is a fissure vein with a small amount of quartz and 
a lar^e amount of mineralization of adjoining rocks. The secondary depth of 
chalcocite appears to be attended with a likewise secondary deposit of quartz. 
Practically no other minerals occur in the vein. Together with the pyrite some 
chalcocite is occasionall}^ found. All of the ore contains some gold, varying from 
$1 to §4 p(»r ton. 

The Copper King vein, continuing its course from Copper King mine on the 
holdings of the New England Copper Company, crosses near the summit of 
Copper King Mountain, and descends northeastward over the steep bluffs which 
form the eastern sloj:)e of that mountain. Two claims on this vein are owned 
by the Clifton Consolidated Copper Mines. Near the sunnnit of the mountain 
are several shorter tunnels developing the vein. Some chalcocite and malachite 
occur in these. There seems to be but little porphyry along the vein in this 
part of its course. Lower down it has been opened by two tunnels, the lowest 
at an elevation of about 5,500 feet, and the other 200 feet higher. The latter 
two tunnels are first crosscuts through granite. In striking the vein the latter 
api>ears somewhat irregular, and but little porphyry occurs along it. Bunches 
of malachite and even a little chalcopyrite have ))een found in the lower levels, 
but no large ore bo<lies have thus far been exposed. 

It is claimed that the Copper King vein is traceable down to Colorado Gulch, 
and even across to Dorsev Gulch; the latter, how^ever, seems somewhat uncertain. 

ClalniH north trest of Copper I\'n}<j rant, — Above the point where the Copper 
King vein crosses Rocky Gulch sevemi prospects have })een opened, continuing 
up to the divide toward Placer (iulch. Most of these are located on porphyry 
dikes similar to that of the Copper King. A short distance above the Copper 
King vein th(» Virginia is met, a prospect owned by the Mark(»en Comjmny, which 
is r(».ported to have opened sonie good ore bodies of chalcocite ore. Above this 
follows the Raton, on which occurs a large Ixxly of porphyry, impregnated in 
several places with malachite. Next follows the Delaware claim, on which has 
been discovered a strong vein, which is reported to be tmceable up to the Trilby 
claim near the top of Copper Mountain, with a general north-northeast direction. 

A short distjince across the divide and down on the trail toward Placer (Julch is 
the Veiled Prophet group, showing several prospects along narrow porphyry dikes 
in granite. Some of these dikes are an approximately northeasterly continuation 
of the King mine on the divide between King Gulch and Standard Gulch. 

The Manslield claim is located at an elevation of 0,350 feet, about one-half 
mile north-northwest of C^)pper King Mountain. It is the property of the Clifton 
Consolidated Company. On the surface a porphyry dike with the usual northeasterly 
direction cuts through the granite, and along it a pocket of high-gmde malachite 
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ore coiitaininfjf a little gold and silver was found. Nothing was d(»veloped below 
this, and a tunnel run 150 feet ))elow, along the vein, exposed only small amounts 
of ore. The tunnel is 800 feet long and follows the porphyry dike, which is up 
to 50 feet wide. Near tlu^ breast a small amount of volcanic material was 
.encountered, probably a dike of basalt or andesite. Tht* main body of ore on 
this level was found at a cross fracture, and consisted mainly of oxidized ore, 
6 feet in width, said to contain ♦> per <ent of coppi»r. 

Vif'/fts hi (fviinltr nnrthtust of (\tjtj}rr Khnj Mo f/n fa in, — The vein system con- 
nected with porphyry dikes, which has already !)een described in part, continues 
for some miles farther in a northwesterly direction, and these veins, on which 
but little development work has been <lone, contain a more considenible amount 
of gold and silver. A stamp mill was built some years ago at Evans Point, 
pro])ably in the belief that the gold would contimie free in depth. The ruins of 
this are still stjxnding. 

Several veins cross Colorado (iulch. The Colomdo vein follows a decomposed 
dike of porphyr\\ and is said to contain a notable amount of gold. A dike of rhyo- 
lite follows this porphyry, but contains "no ore. A number of veins cross above 
this point, but the developments amount to but little. On Dorsey (lulch some 
claims are actively worked at present. One of thesis is known as the Black Prince, 
and is said to be an extension of the Poland. The developments consist of a 
shaft and short tunnel. The Golden Ktigle is located at an elevation of 4,400 
feet, a quarter of a mile lower down on Dorsey (iulch, and the vein is claimed 
to be the same as the (-opper King vein. It was developed in \W2 by the Polaris 
Company, the workings consisting of two tuimels. The vein follows a porphvrv 
dike in granitt*, strikes north 5o east, and dips so north. The width is up to 
feet. The ore contains copper, gold, and silver, and has a rusty and decomposed 
aspect, yielding some light gold in pan. Two or three feet of fine-graincnl siliceous 
ore exposed in the lower tunnel contain pyrite, ehalcopyrite, and chalcocite. On the 
northeast side of the gulch it is stated that the same vein has l)een foun<l, and 
that from one* poek(»t a small amount of ore has been shippi»d containing ^U of 
gold and 4 ounces of silver per ton. Lead is also said to occur on it. Th(^ Poland 
claim, like the othiM's but little d('vidoj)ed, is locat(Ml on the high ridge separating 
Dorsev (Julch from Svcamore (fulch. at an elevation of ai)out r>,0(M» fi^^t. The 
ore consists (»f rustv altei'cd granite: some poiphvrv occurs close i)v. Manv 
other fissures occur in the upper i)asins of Colorado and Dorsey creeks, but 
very little development work has been done on them. 

The most northeasterly prospect in this ])art of the district is on Sycamore 
(lulch at an (devation of 4,."'>0(» f(»et, and is known as Kisclier*< mine. A small 
tunnel is here run on the vein, with a northerlv diri^ction, followinir a dike of 



364 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

normal diorite-porphyry dippinj^ 45" E. The ore contain.s calcite, pyrite, and 
zinc blende. A small 8-stamp mill has ))een erected to reduce the same, hut 
has not been operated lately. No prospects are known to occur northeast of this 
point. A few miles farther on, beyond Silver Creek, the older formations are 
covered by Tertiary lava^s. At an elevation of 4,5ou feet on Silver Creek, granite, 
iK)i-phyry, and lime are exposed, and old adobe buildings seem to indicate that 
prospecting has been carried on in this vicinity. 

Wearer cl<tim.s. -These prospects are located high up on the slope of Copper 
King MountJiin, between the sunmiit and San Francisco River, at an elevation of 
5,200 feet. A trail ext(mds up to it from Oroville, on the river, which is about 1 
mile distant. The property consists of two claims, called the Good Luck and the 
Gmy Clitf, and is developed by two tunnels. On the Gray Cliff the developments 
consist of a crosscut of 280 feet, together with 2(X) feet of drifts and a 90-foot 
winze. The tunnel on the Good Luck is stated to be a crosscut 140 feet long. 
The vein, which strikes northeast, follows a iK)rphyry dike 75 feet wide, the ore 
occurring as black sulphide and green stain in the mass of the porphyry. 
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lolanthe mine, location and character of 41. 351 

Iron, occurrence of 97, I6:s 

Irtm cap, mvurrence an<l analyst's of :J14 

Isabella vein, location and ehara<*ter of 297 

.1. 

Jameson mine, location and character of 42, 319-:V20 

Jameson vein, location and charar-ter of 204. 

207.319-:«0,:<:i5-334) 
Jerome, mineralsat 122 
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Jerome. Sre also United Verde district. 

Joy dike, chamcter of 165, 248-249, 258 

location of 243,258 

j Joy mine, character of 257 

development of 257 

elevation of 242 

lotration of 242, 257 

metamorphbim in 172, 173. 259 

minerals Jn 101 , 106. 109, 258, 259 

ores of, <'haracter of 202-204, 258-259 

outcroppings of 258 

oxidation in, depth of 213, 259 

production of 257 

pyrite from 45 

rocks in 171 , 257-259 

section of. diagmm showing 258 

Joy vein, character of 207,257,259 

lo<-ation of : 253, 259 

.section of, diagram showing 258 

K. 

Kaolin, occurrence and character of Ill , 192-193, 238 

King Gulch. copi>er mines on 41.354-355 

location and character of 305 

metamorpbism in 307-308 

ore deposits near 319-320 

porphyry from, analysis of HO 

view of 316 

King mine, character of 100, 319 

1 wation of 42, 100, 319 

minerals in 1 19. 319 

King liidge. location of 306 

mines on 319-;V20 

roi'kson 309 

King vein, lo<'ati<.n and character of 207, 319. 335, 360-362 

Knight Creek, IcK-atitm of 53 

Koenig, G. A., analysis by 115 

L. 

Uibor, character and cost of 34-35 

La ke Superior copper, value of 49-50 

Last Chance claims, location of 355 

I AS Terraza.s vein, character and location of 303, 318 

minenils in 112-1 13, 301, :«B 

I^s Tnijas claim, Uwation and character of 345 

Lava, analysis of k7 

effusion of 86-87 

metamorphi.sm in 125 

(K'currence of 17,86.349,357 

I..eachinK pn)cess. S<t' Lixivialion. 

Ij*»o ('. <'laini, l(K?ation and characttT of 355 

Lezinsky Brothers, work of 33. 40-41 

Libethcnite. (K-currence and description of 100. llH-119 

j i»hotoniicrographsof 13«> 

I LimcstoiH'**, analyses of eV4-65, 172 

deposits in :}36-:?37 

oxidation of 20. 189-191 

metaniorphisni in 19, UK), 176 

minerals deve]oj»in>f in. j»liotonii»To^raphs of. VSfi. 
' 138,140 
' ]»etro»?niphyof 173 

v»'ins in 200 

Limestones, metaniorphic. fluid inclusion^ in 214 

Linionitc, formation of 20, 177-1«0 

occurren<'e and character of 10:t. 192 

Lindgren. W,, work of 27 

Lingulella sp.. occurrence of gi 
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Lithostrotion ? pp., occurrence of 72 

Liverpool mine, tunnel of. ore In 276 

Lixiviatlon. Introduction i)f 3:^ 

procew of 45 

Lode?), t^ocuirence of 97 

London vein, location and clmracter of 281 

Lone Star tunnel, location and elevation of 279 

ores of, character of 102, 106-107, 203, 280, 289 

rockM in 279 

veins in 280 

Longfellow, town of. See Morenci. 

Longfellow fault, location and character of 230 

Longfellow incline, elevation of 227 

location of 33, 41 

metamorphiHm at 170 

rocks near 128-132 

I/>ngfellow liincHtoncH, age of 65 

analyses of «')4-65, 313 

character of 62, 156 

correlii tion of 65-66 

fossils in 65-66 

metamorphism of 65, 125, 129, 156-159 

minerals in 63-65, 109, 116, 117 

photomicrographs of 136 

• occurrenceof 62-63,156-158,228, 

234-2«, 247-248. 258, 261 . 283, 293, 309. 31 1 , 347, 367 

ores in 197-198 

rocks of. photomicrographs of 136, 144 

sections of 62-63 

Longfellow mine, character of 19, 31, 233 

developments at 233 

faults In '236,238-239 

history of 33 

location of 233 

metamorphism in 236-237 

minerals in 111. 114, '236-239 

ores of, analysis of 44, 239 

character of '20,41.99,198,209,237-239 

form of 195 

photomicrographs of 148 

output of 38, 233 

oxidation in 238 

porphyry In, analysis of 239 

rocks of 82, 193, 197, 233-237, 239 

photomicrographs of 136-142, 14S 

sections of, diagrams showing 234, 235 

Loxonema sp.. occurrence of 69 

M. 

McLean, Oonlon, information from 242, 245, 247 

Mactra warreniana, occurrence of 74 

Magma, character of 161-164 

Magnetite, character of 102 

decomposition of 20 

formation of 19, 23, 124-125, 160, 222 

occurrence of :J8, 102, 156-157 

oxidation of 178-179 

photomlcrr^mph of 144 

production of 36 

Malachite, charactet of 117 

formation of 20, 98 

occurrence of 97, 117 

photomicrograph of 152 

Malapais, Mount, elevHtion of 356 

location of 55. 356 

rocksof 87,357 ' 

Mammoth mine, U»cation and o<'currence of . . 41.350,353-354 
minerals in 111-112 
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Mammoth vein, character of 20, 210-'211 

Manganese Blue mine, character of 19, 240 

depth of '232 

development of 245-247 

dikes in 249-250 

elevation of ^ 246-247 

faults In 247, 249-260 

location of 35,240,245 

metamorphism in 166-247 

minerals in 102, 103, 106, 109, 117, 121, 247-260 

ores of, analyses of 3ti 

character of 20,99,198,240,247-260 

form of 196 

oxidation in, depth of 218 

production of 246-247 

rocks In 1.55. 197,240,247-248 

section of, diagrams showing 241, 246 

Mansfield claim, location and character of 862-363 

Map of MetC4ilf and vicinity 306 

of Morenci and vicinity 224 

Map. geological, of (Uifton-Morenci district I*ocket 

of Mctcalf and vicinity 306 

Map, index, showing position of district 28 

Maps, areas of 224. 306 

making of 27 

Markeen Copper Co., mines of, description of 360 

Markeen Mountain, elevation of 356 

location of 66, 366 

rocksof 299,360 

veins of. character of 21-22, 211 

Menophyllum sp., occurrence of 72 

Mesozolc rocks, description of 7*2-74 

occurrence of 72-74 

Metamorphism, by ascending hot water, description 

of 124-125. KW-177 

by ascending hot water. elTect^ of 125, 

159-160. 170-177. 316-316 

In granite 170-171. 315-316 

in limestone 171-176 

In quartzite 170-171 

In shale 171-176 

of porphyry 164-177 

areas of 166 

character t»f 165-177 

by ascending hot water and by contact, relations 

of 17fr-177 

by contact, additions received during 162-166 

ageof 198-199 

agents of 124,126, 194 

description of 126, 164 

summary of 1*24, 160-164, 194 

effects of '25, 124, 194,294-296.331 

occurrence of 19-20, 

•23. 1*24. 294-295, 3G6. 310-314, 881-333 

paragenesis in 194 

principal areas of r2G-160, 294-295 

prwlucts of 19.23, 1'24, IM, 331 

rock products of. photomicrographs of 136-144 

by descending oxidizing water, age of 198-199 

effectsof 126,177,194 

In fissure veins 18*2-189, 194 

in limestone 182-191 

in ore deposits 18>-191, 194 

in porphyry 189-191 

in shale 191-194 

processes of 177-194 

by descending sulphate waters, procej^ses of 180-181 

by descending waters, effects of 124-1*26 
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Metamorptaiion by preHsiire 124 

character of 12»-r25 

clasRes of 124-I2i» 

processes of 123-194 

See aJto Oxidation. 
Metasomatism, pnx^esseMof. Str Metamor()hiKm. 

Metcalf. copper at IH. 27, 101 

copper mines at. character of 19, 31. 42 

locating of 3:^ 

faulting near :nt>-317 

future of 223 

geology near 30tV-317 

map of vicinity of 306 

mines at 3'20-3:Jl 

minerals at KKJ, 109, 111, 117. 119. 121.312. 319-337 

meUmorphism at 100, 306, 30H. 310-316, 31S, 331-3^ 

ore deposits at, summary of 334-l«7 

ores at, character of 207, 31K-331 . '^M-^M 

population of 34 

railroad to 41 

rocks at and near 7H-79. 1 10, 202, 21 4-21«. 307-310 

topography near :W.V306 

underground water at 317-:n8 

veins at 164, 171 . 199-'209 

views from and of 310, 320 

water supply of 305 

Metcalf, Bob. explonition by 32 

Metcalf mines, description of 320-32:^ 

elevation of 320 

location of 305. 3*20 

minerals in 100, I0<i. 1 1 3, 1 1h, 1 19, :«1 

native copper in 101 

open cut on, view of 316 

ores of. character of 203--21M, 3'20-3'23 

photomicrographs of 14K 

pn)duction of 46. 3'20 

nicJts in :i21-323 

water in 318 

Mexican claim, description of 302 

Minerals, descriptions of 100-122 

«K'currence of 67-58, 101-122 

paragenetiLs of 194 

Mines, character of 19 

depth of 19 

Mining, cost of ;j5 

Mining companit^s. list of M 

MiasisMlppian ro<-ks, metumorphisni of 19 

<x;currence of 17. 22H 

See al*o Modoc liniestcme. 

Modoc limt»stone, age of 72 

analyses of 71 

character of 69-70, 1'vs- 159 

correlation of 72 

deposition of 91 

fossils of 71-72 

metamorphism in 127, 

131. l:«-131. I5;i-1.M. l.>. •J45, 1117, 312-313, XV2 

minerals in 70-71 . UH». 1 16 

occurrence of 6«t-70, i:«, -228. 212, 253, 310, l«7-;i4s. :i'>7 

ores in 197 

sections of 70 

spei^imen of, plu)tomirroKra|>h of i:^ 

Modoc mine, minerals in 10:J. Ill, 113,111, 116 

Mo<loc Mountain, elevation of 225 

fossils from 72 

limestone from, analysis of 71 

metamon>hism on 127-i:w 

minerals on 109.111 
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Modo<* Mountain, ores on, character of 240 

HK'ks at and on 73, 83. 155, 225, •22»-229, 240, 242 

secticms at and near 62, C8, 70 

west slope of, mines on 240 

MolyMenite, occurrence and clmnurter of 107 

Montezuma mine, character of 253 

development of 253 

dikes in and near 165,254-255 

elevation of 253 

history of 33 

hx-ation of 35, 240,263 

metamorphism in 156, 175 

minerals in 106, 119, 254-257 

ores of, analyses of 38 

character of 20. 198, 202-204, 240, 25.t-257 

form of 196 

photomicn)graph t>f 146 

production of 253 

nx'ks of 83. 155, 157.253-257 

photomii'rographs of 146 

vei ns in 2W-257 

Monte/uma vein. I'haracter of 207, 254, 257 

I(M>ation of 255 

section of, diagram showing 253 

Mor<;nci, character of 227 

copper at 18, 27 

copper mines at. <-hu meter of 19,21,31-32 

developments at 33 

dikes near 128-133 

elevation of 22, 232 

furnaces at 33-35 

future of 228 

intrusion near 126 

limestone fn)m, analyses of 71 

location of 34, 225 

map of vicinity of 224 

metamori)hisui at and near 19. 10(». IL'6. 127-158 

areas of 133-150 

minemlsat 103,106-107,109,111,119 

mines of, deseripti<»ns of 233-291 

native copi>er at lOl 

ores of. character of 195-199 

Pah?07x»ic column at 59 

I)opu]atiou of 34, 227 

r»orphyry at, analysis of 84.168 

milnuid to 34-35 

rwks at and near 62, 

67-68. 7H-79, 84, 1 10, 202, 214-218, 227-231 

secti<ms at and near 60, (UJ, 73, 153 

diagram showing 59. 228 

topography near 224-227 

underground water at 226, 2:W 

vein system and uiiderground workings at, dia- 

KTAUX showing 232 

veins at 164.171.199-209,231 

view of 224 

Morcnci Canyon, clianicter of 53.225 

gold in 101 

limestone from, analyse^ of 64 

location of 226 

mouth of, view (»f 56 

rocks of 73, 80 

view in 60 

Morenci shales, a^e of 68-69 

analyses of 67. 130 

character of 66 

••orrclation of 69 

depoxition of 94 
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Morenci «hale«i, fcj«ril» in 6h-€» 

metamorphiHin in 127-12M. 130-131, 155-156,236-237 

mlneralu in 67-68, 1 1 1, 161 

occiirrence of fi6-67, 155-156, 

228, •235-'236, 242. 253. 25K, 2«3, -293, 309-310. 312. 347, 357 

oreH in 197-198 

specimen of, photomicrograph of 138 

Morenci Southern Railroad, location of 236-227 

Morencite. analyidK of 116 

formation of 178 

occurrence and description of 100,115-116 

Mtwcovite, formation of 124 

occurrence and character of 110 

N. 

New England Mining Company, mine^* of 361 

NicholaM, Paul, acknowle<lgment8 to 28 

North Yankee dike, location of 271 

(). 

Olivette claim. location and character of 360-361 

Ophileta up., (xcurrence of 65 

Ordovlcian rockK, occurrence of 17. 66 

Ore*i, analyjten of 239 

character of 18-20. 97-99, 195-228 

clawes of 31-32, 36 

concentration of 198-199 

copper deposltH of, age of 198 

character of 18-'20, 97-99, 237. 318 

claHWS of 31-32, 98-99 

formation of, order of 222-223 

fomwof 20.97,164.195-196 

occurrence of 31 , 99-100. 227, 306. 325-329 

origin of 19 

oxidation of 177-1^,221-223 

relatione of porphyn.- and 98 

copper in, per cent of 35, 38, 42 

genesis of 19-20.23-25.32,96,218-223 

handling of, methods of 35 

of chalcocite zone. See Chalcoclte rone, 
of pyrltlc zone. See Pyritic zone, 
of surface z<me. See Surface zone. 

origin of 19 

oxidation of 177-194, 199. 221-222 

paragenesis of 194 

photomicrographH of 138-152 

production of 36 

tenorof 47-48, 223, 255, 263, 318 

Ores, carbonate, age of 198-199 

character of 195-196 

croppings of 197 

horizon of 196-197, 252 

origin of 197-198 

Ores, concentrating, character of 35 

production of 36 

Ores, oxidized, age of 198-199, 221 

character of 35, 195 

croppings of !97 

exhaustion of 20 

horizon of 196-197 

in limestone and shale 1 71-176 

occurrence of 20. 97, 99, 233 

origin of 197-198, 221 

Ores, pyritic, value of 202 

Ores, smelting, <-hnracter of 35 

production of 86 

Ores, sulphide, character of 35-36 
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Ores, occurrence of 97 

Oroville, gold at 38, 101, 359 

OrthLs sp.. occurrence of 72 

Orthothetes iniequalis, occurrence of 72 

Oxidation, action of 24 

agents of 125 

beginning of 199 

dept h of 22-23, 197, 199. 213, 252, 268-269 

efTecls of . . . . '20. 24-25. 125. 177. 201, -223, '238, 811-312, 333-834 

enrichment from 98, 221-223, 238, 834 

of chalcocite zone 186-189 

order of 180,194 

processes of 177-194, 201, 833-384 

rate of 207 



Paleozoic rocks, character of 308 

description of 58-72 

dislocation of 88 

divisions of 58-^9 

metamorphLsm of 19 

occurrence of 17, 227, 306. 808, 324 

section of 58-69 

diagram showing 59 

Paragenesis of minerals 194 

Penfleld, S. L., on dioptase 112 

on libethenite 118 

on spangolite 120 

See aloo Pirsson and Pentleld, 

Pennsylvanlan rocks, deposition of 94 

occurrence of 59 

Petrography, character of 57-58. 

60-61 , 6:J-65, 67-68, 70-71 , 79^80 

Photomicrographs of ores and rocks 186-162 

Physiography, description of 88-89 

Pinal schists, character of 56 

correlation of 66 

occurrence of 66 

Pinkard formation, age and correlation of 74 

character of 73 

fossils in 74 

occurrence of 78 

Pinkards (iulcb, location of 292 

mctamorphism at 127 

ores of, character of 109, 296-297 

rocks on 292-295 

Pirsaon and Penfield, minerals identified by Ill 

Placer Gulch, mctamorphism at 128 

rocks in 79-80 

Platycrinus, occurrence of ?2 

Pleurotomaria sp.. occurrence of 69 

Poland claim, location and character of 863 

Porphyry, age of 85 

analyses of 80-«2, 166-169 

characterof 78-79.314-816,385,348 

contact metamorphie rotrk near, photomicrographs 

of 186 

fluid inclusions in 215-216 

intrusion of 94-95, 229 

dislocation due to 88-89, 816-«17 

mctamorphism by... 19,23,85,96.128-158,160,219-221,227 

mctamorphism in 125,164-170,202,815 

oiH'urrence of 17, 

229, 236, 29:i-294, 299-300, 306, 310-311, 815, 348, 357 

ore deposits in, character of 334-336 

petrography of 79-^, 885 
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veins in IW. 335-J«f> ' 

Pre-Cambrian nn-k!". rharactfr ami <K'ciirrt'n»'«' of 17. 
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photomicrofcraph.x of 112, 146 
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oxidation of 201 
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oxidation of 17S 
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occurrence and dewriplion of lUl-102 
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Ransome, F. L., on Ai)ache proup 62 
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Rhipidomella Michelini ?, occurrence of 72 
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occurrence (>f 17 

RoadH, location of 226 
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gravel on 77-78 
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Selenium, (Hrcurnrnce of 40, 108 

Seminula humilis?. occurrence (jf 72 

Sericite, analysis of 170 
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oxidation of 178 
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<M'currence and <*haracter of 110 

Shales. dei>osits in 3:{6-337 

metamon»hism in 19, 160, 191-194 

Shannon ('opiK»r Co.. capital of 46 

development by 46-47 

mines of 46-47.324 

ore of. handling of 46-47 

production of 18 

smelter of 47 

Shannon Hill, n)cks of 20 

Shannon mine. des<Tiption of 323-331 
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Silver, (XTurrenre oi 33. 

45, 195, 200. 21 1 . 242, a'jO-351 . a>5, SW, 'XA 
Silver Basin Creek, faults in 29tJ 

location of 225, 2l»2 

rockx on 73. 229-230 

Silver Creek, nx^ks* on 128, 3f»l 

Smelting, processes of 3S-40, 44-15, 47-W 

Solid Coj^per claim, location and character of 361 

Soto claim. lo(*ation and (rharacter of 297 

Soto fault, location and character of 91. 230 

Spangolite. occurrence iind character of 120-121 

Specularite, formation of IfiO 

Sphalerite. See Zinc blende. 

Spirifer centronatus, occurrence (»f 72 

Forbeai, occurrence of 7> 

keokuk, occnirreiice of 

Spiriferina, occurrence of 

Springs, occrurrence of 51 , 2:i2 
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Standard mine, dewription of 303 

mineralM in 117, :«tt 

Stanton. T. W., fowiils identified by 74 

Steiger, George, analysis by 87 
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Sullivan, E. C, on Morenci shale 192 

Sulphate waters, mctiimorphism by 180-181, 198, 228 

Sulphides, oxidation of 20. 125 

Sulphur, occurrence of 163 
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Summary- of paper 17-25 

Sunset Peak, ro(!ks on 87 

Surface zone, depth of 201 

oresof 207-208 

Sycamore ('reek, ns'ks of 85-86 

Sycamore Gulch, veins at 199, r6:J-364 

Syntropia sp., occurrence of 65 



Telluritmi, occurrence of 40, 108 

Tertiary lava^. ike Lava.«i. 
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Timbering, cost of 35 i 

Topography, character of 29, 51-55. 224-231 , 305-306. :«6 ; 

Tremolite. .Sp<t Amphibole, 

Trinidad mine, location and charac'ter of 353 

Tugnellus fusiformis. occurrence of 74 
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Turltella sp., occurrence of 74 ; 
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Ve>uvianite, occurrence of 161 
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Vitriol, blue, o(?currence and character of 121 

Volcanic eruptions. occurrence of 95 
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Wages, amount of 34 

Walcott, Charles D.. fossils determined by 61, «i5 

on Devonian nK*ks 69 

Wallace, L. R.. anal yses by W-65. 67-68, 71 

Wanl, Captain, organization by 34 
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Wendt, A. F., on Clifton copper deposits 31. 33 

West Yankie dike, character and loi*ation of 166, 270-271 

West Yankie mine, ores of, character of 269 

porphyry from, analysis of 167-168 

location of 35 

West Yankie vein, character of 204-205, 264,266-267 

Whitewater Creek, rocks on 87 

Willemite, occurrence and character of Ill 

Williams, H. S., on Morenci fossils 68-69 

Williams vein, character and lo<*ation of 205. 

207,231,285-2S8,291 

faulting on 289 

section on, diagram showing 284 

Winchell, H. V., experiment by 181 

Wiseman dike, location and character of 311, 814, 836 
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cwcurrence of 161 

Y. 

Yankie mine, locating of 33 

Yavapai mine, character of 269-270 

<levelopment of 270 
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Yavapai mine, elevation of 270 

location of 240.269-270 

metamorphism in IrS, 270 

mineralM in 2rvi. 270-271 

ores of. character of 109, '271 

production of 46. 270 

rocks in 1=^7. 176. 197. -270-271 

section of, diaj^mm showing 265 

Z. 

Zaphrentis sp., occurrence of 69. 72 

Zeolite, formation of 124 

Zinc, occurrence of 38 
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Zinc hiende. chalcocillzation of 1S2-183 

character of 107 

formati«m of 19, 23, 160. 222 

occurrence of 21 , 107, 157 

oxidation of 180 

solution of 20 

Zinc ore, occurrence and character of 117 

Zircon, occurrence and dcs^-ription of 102, 163 

Zirkel. F.. on metamorphism 161 

Zone, chalcocite. See Chalcocile zone. 

Zone, pyritic. See Pyritic zone. 

Zone, surface. See Surface zone. 
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